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Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 6.0

6.0 NUTRIENT TMDL COMPONENTS

This section focuses on nutrient causes of water quality impairment in the Lower Gallatin planning area.
The section (1) describes how excess nutrients impair beneficial uses, (2) discusses the affected stream
segments, (3) discusses the currently available data pertaining to nutrient impairments in the Lower
Gallatin, (4) describes the sources of nutrients based on recent studies, and (5) proposes nutrient TMDLs
and their rationales.

6.1 NUTRIENT EFFECTS ON BENEFICIAL USES

Nitrogen and phosphorus are naturally occurring elements required for healthy functioning of aquatic
ecosystems. Streams in particular are dynamic systems that depend on a balance of nutrients, which can
enter streams from various sources. Healthy streams strike a balance between organic and inorganic
nutrients from sources such as natural erosion, groundwater discharge, and instream biological
decomposition. This balance relies on autotrophic organisms (e.g., algae) to consume excess nutrients
and on the cycling of biologically fixed nitrogen and phosphorus into higher levels on the food chain, as
well as on nutrient decomposition (e.g., changing organic nutrients into inorganic forms). Human
influences may alter nutrient cycling, damaging biological stream function and degrading water quality.
The effects on streams of total nitrogen (TN), nitrate-+nitrite (NO;+NO,; a component of TN), and total
phosphorus (TP) are all considered in assessing the effects on beneficial uses.

Excess nitrogen in the form of dissolved ammonia (which is typically associated with wastewater) can be
toxic to fish and other aquatic life. Excess nitrogen in the form of nitrate in drinking water can inhibit
normal hemoglobin function in infants. In addition, excess nitrogen and phosphorus from human
sources can cause excess algal growth, which in turn depletes the supply of dissolved oxygen, killing fish
and other aquatic life. Excess nutrient concentrations in surface water create blue-green algae blooms
(Priscu, 1987), which can produce toxins lethal to aquatic life, wildlife, livestock, and humans. Aside from
the toxicity effects, nuisance algae can shift the structure of macroinvertebrate communities, which may
also negatively affect the fish that feed on macroinvertebrates (U.S. Environmental Protection Agency,
2010). Additionally, changes in water clarity, fish communities, and aesthetics can harm recreational
uses, such as fishing, swimming, and boating (Suplee et al., 2009). Nuisance algae can also increase the
cost of treating drinking water or pose health risks if ingested in drinking water (World Health
Organization, 2003). o

6.2 STREAM SEGMENTS OF CONCERN

Stream segments of concern in the Lower Gallatin watershed include those listed As impaired for
phosphorous and/or nitrogen on the 2012 303(d) List (Table 6-1). However, this document reflects 2011
impairment determinations made by DEQ’s Water Quality Planning Bureau. &&&ata collected
during the past several years to update nutrient assessments on all streams identified in Table 6-1. The
assessment results are presented in Section 6.4, along with an updated impairment summary (Table 6-
38) for the Lower Gallatin planning area. The three segments of Hyalite Creek, from headwaters in the
Gallatin Range to the mouth (East Gallatin River), present a unique case regarding listing history and
water quality impairments. An in-depth analysis of human influences and water quality impairments on
Hyalite Creek is found in Appendix E.
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Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 6.0

Table 6-1. Stream Segments of Concern for Nutrients and Nutrient Pollutant Impairments Based on

the 2012 303(d) List

Stream Segment

Waterbody ID

2012 303 (d) Nutrient Pollutant Listing(s)

Bozeman Creek

MT41H003_040

Total Nitrogen, Total Phosphorous

Bear Creek MT41H003_081 Total Phosphorous

Bridger Creek MT41H003_110 Total Nitrogen, Total Phosphorous
Camp Creek MT41H002_010 Total Nitrogen

Dry Creek MT41H003_100 Total Nitrogen, Total Phosphorous

East Gallatin River, upper

MT41H003_010

Total Nitrogen, Total Phosphorous

East Gallatin River, middle

MT41H003_020

Total Nitrogen, Total Phosphorous, pH

East Gallatin River, lower

MT41H001_030

Total Nitrogen, pH

Godfrey Creek

MT41H002_020

Total Nitrogen, Total Phosphorous

Hyalite Creek, upper

MTA41H003_129

Total Nitrogen, Total Phosphorous

Hyalite Creek, middle

MT41H003_130

Total Nitrogen, Total Phosphorous

Hyalite Creek, lower

MT41H003_132

None

Jackson Creek

MT41H003_050

Total Phosphorous

Mandeville Creek MT41H003_021 None
Reese Creek MT41H003_070 Nitrate+Nitrite
Smith Creek MT41H003_060 Nitrate+Nitrite

Thompson Creek

MT41H003_090

Total Nitrogen

6.3 WATER QUALITY DATA SOURCES

DEQ’s nutrient water quality assessment method has specific objectives and decision-making criteria for
assessing the validity and reliability of data. DEQ uses a Data Quality Assessment (DQA) process to
evaluate data for use in assessments and decision making. The DQA considers the technical,
representativeness, currency, quality, and the spatial and temporal components of the readily available
data. The specific data requirements are detailed in the nutrient assessment method (Suplee and Sada
de Suplee, 2011).

Primary data sources used to evaluate existing instream nutrient concentrations in the Lower Gallatin
River watershed:‘\ '\“ww\‘\\"’ RN

1) DEQ TMDL sampling. In support of TMDL development, DEQ collected water quality samples
from 55 different sites in the planning area: 2001-2005, 2007, and 2009-2010. Samples were
collected from sites on Bear Creek, Bridger Creek, Bozeman Creek, Camp Creek, Dry Creek, East
Gallatin River, Hyalite Creek, Gallatin River, Smith Creek, South Cottonw. od Creek, Stone Creek,
and Thompson Creek (where n = number of samples). LoD N

a. 2001 -12 sites (n = 41) during 3 growing seasons (July-September), 2 highsflow events

-

0v bos CCKQQ :Q__/ b. 2002 - 1site (n=1) from 1 growing season Bl
W0 9: L0 ¢ 2003 -5sites (n=15) from T growing season Whah does Xag  wmean”
g N Y \"dﬂ d. 2004 - 16 sites (n= 49) from 3 growing seasons vy latn  Lhakiy ™ Klaeg
e. 2005 - 12 sites (n= 38) from 3 growing seasons rsusn g Seasens” ?
f. 2007-10 .sutes (n=41) from 3 grovag seasons, 1 !\lgh-ﬂow event \d ) \\ea.c;'. 5
g. 2009 -5 sites (n= 10) from 2 growing seasons, 1 high-flow event 1
h. 2010 - 4 sites (n= 8) from 1 growing season, 1 high-flow event . AINURY .
C Qg ~
2) DEQ Contractor sampling. As part of several different projects, contractors Q,C\,\“b\,\ S E
sampled in 2003 and 2007-2010 in support of TMDL development. Oo ' d;
A (2 e Y
Sxreums 2 o '
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2003 - 8 sites (n= 224) from Bear Creek (April~August)

2007 - 3 sites (n= 6) for storm water modeling for the city of Bozeman (May, November)
2008 - 72 sites on 18 streams (n=264 ) during the growing season

2009 - 83 sites on 16 streams (n=124 ) during the growing season

2009-2010 - 4 sites (n= 13) for a streamflow and nutrient monitoring project on Bridger
Creek, Bozeman Creek and the East Gallatin River.

P anoo

3) Volunteer Group Sampling. Volunteers from the Greater Gallatin Watershed Council collected
water quality samples and flow measurements from Bridger Creek, Thompson Creek, Hyalite
Creek, and Bozeman Creek between 2008 and 2011. ' (\

hloRY4Ue

4) Macroinvertebrate Sampling. The Greater Gallatin Watershed Council and DEQ sampled /\D\ UDC’CLU
macroinvertebrates at several locations in the Lower Gallatin Watershed from 2008-2011. )
Samples were collected from Bozeman Creek, Bridger Creek, Hyalite Creek, and Thompson SOJ\JL(J kQé .
Creek.

5) DEQ Assessment Files. The files contain information used to make the existing nutrient
impairment determinations. This includes water quality and algal data results and historical
information collected or obtained by DEQ.

6) MBMG Ground Water Investigation Program Lower Gallatin Projects. Data collected by the
Montana Bureau of Mines and Geology’s (MBMG) Ground Water Investigations Program in
2010-2011 in the Lower Gallatin will also be used where appropriate.

7) USFS PIBO Data. The U. S. Forest Service’s (USFS) PACFISH/INFISH Biological Opinion (PIBO)
&/\\‘X group collects macroinvertebrate data throughout the mountain West. Data collected on

> S:) identified assessment units was used in the analysis. ,——\\ €os a7,
N
™

O &f\ 8) City of Bozeman Water Treatment Facilities. Data collected by the city on Bozeman Creek,
& Hyalite Creek, and Lyman Creek will be used where appropriate. — \‘Q(Lr57

River watershed:
* Groundwater quality data from MBMG'’s Groundwater Information Center (GWIC) database
- P 8 / * U.S. Geological Survey’s National Water Information System (NWIS) database
)N\' » Discharge monitoring report data from the city of Bozeman'’s water treatment plants, water
\C>j reclamation facility, and municipal storm sewer system (MS4)

< M \)%econdary data sources used to evaluate existing instream nutrient concentrations in the Lower Gallatin
“D
Jy

Primary data sources include those collected in the assessment units and within the specific waterbody
segment(s). Secondary data sources include data collected as part of Discharge Monitoring Reports
(DMR) by MPDES permitees and other groundwater and surface water data sources used to quantify or
describe point and nonpoint sources within a sub-basin. This includes surface water data collected
outside the summer period (July 1 - September 30) when nutrient water quality targets apply.

Because these sampling events represent the most recent, and the most exhaustive, water quality
characterization of nutrients, DEQ used data from these events as the primary source for evaluating
water quality targets and assessing nutrient sources. Raw data from these sources is extensive and is not
included but is publicly available via EPA’s STORET water quality database and DEQ’s EQuIS water quality

9/6/2012 DRAFT 6-3
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database. It is also available from DEQ upon request. Groundwater data are available from the USGS and
MBMG databases. The following section provides an evaluation of water quality conditions with respect
to nutrients for stream segments of concern in the Lower Gallatin River watershed. Figure 6-1 identifies
the streams of concern for nutrients and the available water quality data for the Lower Gallatin TMDL
project area, excluding MBMG data for surface water and groundwater.

9/6/2012 DRAFT 6-4
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Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 6.0

6.4 WATER QUALITY TARGETS

TMDL water quality targets are numeric indicators used to evaluate attainment of water quality
standards. They are discussed in Section 4.0. The following section presents nutrient water quality
targets and compares those values with recently collected nutrient data in the Lower Gallatin River
watershed using DEQ's draft assessment methodology (Suplee and Sada de Suplee, 2011). To be
consistent with DEQ’s draft assessment methodology, and because analytical methods have improved,
only data from the past 10 years (2001-2011) are included in the review of existing data. Additionally,
many of the nutrient samples collected before 2005 were analyzed for total Kjeldahl nitrogen (TKN),
which DEQ has since replaced with total persulfate nitrogen as the preferred analytical method for
determining total nitrogen. TN has also replaced TKN as a preferred parameter for evaluating nitrogen
impairment. It should be noted that DEQ Circular 12 includes both of these analytical methods as means
of determining total nitrogen.

6.4.1 Nutrient Water Quality Standards
Montana'’s water quality standards for nutrients (nitrogen and phosphorous forms) are narrative and are
addressed via narrative criteria requiring that state surface waters be free from substances attributable
to municipal, industrial, or agricultural practices or other discharges that produce nuisance conditions;
create concentrations or combinations of material toxic or harmful to aquatic life; or create conditions
that produce undesirable aquatic life [ARM 17.30.637(1)]. DEQ is currently developing numeric nutrient
criteria at levels consistent with the requirements of narrative criteria. These draft numeric criteria are
the basis for the nutrient TMDL targets consistent with EPA’s TMDL development guidance
(http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/strategy/) and federal
regulations (40 CFR §131.11(a) & (b)). b ”’u“’H“

on ;L:;;\DGA.Z Nutrient Target Values o

M X{/\\o.Nutrient water quality targets include nutrient concentrationsAn surface waters and measures of

;t\)‘d(\

- c benthic algae chlorophyli-a (a form of undesirable aquatic lifé at elevated concentrations). The target 4 mkd--
J.y/\'g. _ é {‘concentrations for nitrogen and phosphorus are established at levels believedto prevent excess algae &qu &\QQ
JE2 )\ growth that leads to undesirable or harmful conditions for' aquatic life. Since 2002 Montana has
conducted a number of studies in order to develop numeric criteria for nutrients (N and P forms) and ' bQ

30~ if?*
< b has developed draft nutrient criteria for total nitrogen (TN), total phosphorus (TP), and chlorophyll-a
g \9\&\,( concentrati@;sed on two factors: (1) the resuits of public perception surveys (Suplee etal., 2009)on  ——
W X O what level ae was perceived as undesirable and (2) the results of nutrient stressor-response
\Q()g ( QU\\)Yg.,studies to determine nutrient concentrations that will maintain algal growth below undesirable levels
oo \,_U‘ (Suplee et al., 2008b). When algal levels in a stream increase, shifts in biomass and community structure
reTikely as dissolved oxygen concentrations decrease and salmonid growth and survival becomes
impaired.
S Mha ~ferance Valuwed
-D\ ‘ \\§) Nutrienttargets for TN, TP, and chiorophyll-a are based on the draft nutrient criteria and are presented
N
AY

in Table 6-2. Included in this table are draft numeric criteria for the Level IV ecoregion Absaroka-Gallatin
\@ Volcanic, which has naturally high levels of phosphorous (Suplee et al., 2012). DEQ anticipates formally
B\O’ 39/ BQ/ adopting these ecoregion-specific numeric criteria in spring 2013. A map of the Level IV ecoregions in
X §\b the Lower Gallatin TMDL project area may be found in Appendix A, Figure A-8.
Ry
QP Y OSQJ As numeric numhmmmmwmhwgwﬂMM%*MW%
~ 9P

)

)s\a‘ concmaﬁmrgenmmmdiiaﬂmmd during summer months (generally July 1~
@}@ AU c\m(\\/ Rudeni— cokao oty
J\\\&
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St Y LGN
September 30), when algal growth has the highest potential to affect beneficial uses. Note that targets NG S

in this document are established specifically for nutrient TMDL development in the Lower Gallatin &Iu (G,(LUL(
project area and may or may not apply to streams in other TMDL project areas. See Section 6.5.4.3 for (Q o0 Lﬁ )%
the adaptive management strategy related to nutrient water quality targets. N N

! -
SR ' DQ(slo‘)(@W(

Table 6-2. Nutrient targets* in the Lower Gallatin project area by ecoregion

Target values
Parameter Middle Rockies Absaroka-Gallatin Volcanics Ecoregion ﬂ\\‘e ' jIC‘ C
(Level 1l1) (Level IV, within Middle Rockies) ‘k )
Nitrate+Nitrite (NO;+NO,) <0.100 mg/L <0.100 mg/L AW
ML [Total Nitrogen (TN) <0.300 mg/L <0.250 mg/L O, Henen
f' Total Phosphorous (TP) <0.030 mg/L <0.105 mg/L e
@, Chlorophyll-a < 120 mg/m? (35 g AFDW/m’) . < 120 mg/m? (<35 g AFDW/m’) St /\.6
Q\ *see Section 6.5.4.3 for the adaptive management strategy for nutrient targets UIN S
73 \.)\\ AFDW = ash-free dry weight -

N

R

%

X 4
(Q\SO’Q/ The 75th percentile of the reference dataset for the Level IV Absaroka-Gallatin-Volcanics and the Level ?(D
N I Middle Rockies were used to determine the natural background of streams that flow through both
1] \S\ ( ecoregions and for receiving waterbodies. Relative flow contributions were calculated from available
discharge data from USGS and from flow sampling projects conducted by DEQ and its contractors. Mean
é," C_ ‘estimates were used to determine the relative flow contributions from drainage areas in the Level IV
ﬁ' @ Absaroka-Gallatin-Volcanics ecoregion. Water quality target values were used with relative flow
/\} contributions to calculate segment specific water quality targets. Table 6-3 identifies these water quality
. rgets for stream segments influenced by the Level IV Absaroka-Gallatin-Volcanics ecoregion inside the
sr’lf)wer Gallatin TMDL project area. A description of the water quality targets and how they were

4 ? calculated for streams draining the Absaroka-Gallatin-Volcanics Level IV ecoregion may be found in
o & Suplee and Watson (2008b).

3 o

)

C

L4

I\ able 6-3. Nutrient Targets in the Lower Gallatin project area per stream segment receiving flow fro
$¢ \ the Absaroka-Gallatin-Volcanics Level IV ecoregion ;
Stream segment TN target (mg/L) TP target (mg/L)

J\‘:k,;g‘( Bozeman Creek <0.270 <0.080
East Gallatin between Bozeman and Bridger Creeks <0.290 <0.050
M East Gallatin between Bridger and Hyalite Creeks <0.300 <0.030
o Lower Hyalite Creek <0.260 <0.090
$ 54/ East Gallatin between Hyalite Creek and Gallatin River <0.290 <0.060

6.4.3 Existing Conditions and Comparison with Targets

DEQ evaluated nutrient target attainment by comparing existing water quality conditions with the water
quality targets in Tables 6-2 and 6-3, using the methodology in DEQ’s guidance document “2011
Assessment Methodology for Determining Wadeable Stream Impairment due to Excess Nitrogen and
Phosphorus Levels” (Suplee and Sada de Suplee, 2011). For each waterbody segment, a data summary
will be presented along with a comparison of existing data with targets, using the assessment
methodology and a TMDL development determination. Because most of the impairment listings are
based on older data, or were listed before numeric criteria were developed, each stream segment will
be evaluated for impairment from NO;+NO,, TN, and TP using data collected within the past 10 years.
TMDL development determinations will depend on results of the data evaluation, and these updated

BRSNS ,
Whak  afgolk . 2.0 :—wo&c&s? Wk  &lood s adoinute otk -
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impairment conclusions will be captured in the 2014 303(d) List and associated 2014 Water Quality
Integrated Report.

The assessment methodology uses two statistical tests (Exact Binomial Test and the One-Sample
Student’s T-test for the Mean) to evaluate water quality data for compliance with established target
values. In general, water quality targets are not attained (a) when nutrient chemistry data has a target
exceedance rate of >20% (Exact Binomial Test), (b) when the results of mean water quality nutrient
chemistry exceed target values (Student T-test), or (c) when a single chlorophyll-a result exceeds benthic
algal target concentrations (120 mg/m? or 35 g AFDW/m?). Where water chemistry and algae data do
not provide a clear determination of impairment status, or when other limitations exist,
macroinvertebrate biometrics (HBL>4-Q) are considered in further evaluating whether nutrient targets
. @ have been achieved, as directed by the assessment methodology.
.N\ b &.AS(\(\;_ .
P - Lastly, inherent to any impairment determination, human sources of nutrients must be present for a
< stream to be considered impaired. Note: to ensure a higher degree of certainty for removing an
w)\ impairment determination and making any new determination, the statistical tests are configured
J J differently for an unlisted nutrient form than for a listed nutrient form, which may result in a different
\Qf‘ ‘ijumber of allowable exceedances for nutrients within a single stream segment. This helps assure that
ér Q assessment reaches do not vacillate between listed and delisted status by the change in results from a
» t'r single additional sample.
@
6.4.3.1 Bozeman Creek (Sourdough Creek)
Lower Bozeman Creek is listed on the 2012 303(d) List for TN and TP nutrient impairments. The lower
segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the mouth
(East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough Canyon
above the forest boundary. The total length of the stream is 14 miles from its confluence with North
Fork and South Fork to the mouth (East Gallatin River). The nutrient impairments for the stream
OQ. segment are based on nutrient, chiorophyll-a, and macroinvertebrate samples from 2004.

'IP S‘b From 2004 to 2011 extensive water quality sampling was conducted on the lower segment of Bozeman
Q\?’G \ Creek; more than 30 samples were collected for NO3+NO,, TN (used as an improved water quality
\V @p indicator in preference to TKN), and TP (Table 6-4). Exceedance rates were high with targets values for

@' NOs+NO, and TN exceeded in 100% and 97% of samples, respectively. Both the binomial and student t-
d \q} tests were failed for NO;+NO, and TN (Table 6-5). TP had only a single exceedance of the target value

@; \)9, "\, and passed both statistical tests. Biological data include six chlorophyll-a samples collected between ’
>§ ‘ é 2004 and 2008 and 11 macroinvertebrate samples collected between 2004 and 2011. There is no ash- lQ( A

N free dry weight (AFDW) data available for this segment. Including three visual estimates, chlorophyll-a
. o 2 ; ; —— howo
did not exceed target criteria (>120 mg/m?) in any sample. Hilsenhoff Biotic Index (HBI) scores for

% macroinvertebrates were elevated above criteria (>4) in 8 of 11 samples. The high target exceedance Jisw o ”t

rate for the macroinvertebrate and water chemistry samgfles indicates a nutrient impairment from TN 0.5 Ge0d
—and-FP-Based on the assessment, a TMDL for TP will not pe developed for the lower segment of oS UL\(C(

Bozeman Creek. Because the NO;+NO, exceedances are feflected in the TN data (NO3+NO; is a

component of TN), only a TMDL for TN is required.

axd o feswlY¥s
Pmey nbicede s wk eva luakd
QC .’q&\taﬁr Jalues (Q(S

Mo oS ete.
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Table 6-4. Nutrient Data Summary for Bozeman Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2004-2011 35 0.170 0.860 0.548 0.708
TN 2004-2011 31 0.270 1.700 0.757 0.850
TP 2004-2011 32 0.031 0.111 0.048 0.056
Chlorophyll-a 2004-2008 3* 6.7 112.0 54.9 112.0
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI 2004-2011 11 3.464 5.641 4.380 4.638

* 3 additional observations were visual estimates of < 50 mg/m’ and were not included in the summary statistics.

Table 6-5. Assessment Method Evaluation Results for Bozeman Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter {mg/1) Exceedances | Test Result { Result Result Impairment?
Nitrate+Nitrite | 35 0.100 35 FAIL FAIL PASS YES
TN 31 0.270 30 FAIL FAIL PASS YES
TP 32 0.080 1 PASS PASS PASS NO
6.4.3.2 Bear Creek

Bear Creek is listed on the 2012 303(d) List for TP nutrient impairment. Bear Creek flows'10.15 miles

from the headwaters in the Gallatin National Forest to the mouth (East Gallatin River). Bear Creek was
first listed in 2006 as being impaired for TP based on nutrient, chlorophyll-a, and macroinvertebrate
samples from 2003. The TP impairment is linked to sediment entering the stream from grazing in the

shoreline or riparian zone and from unspecified roads or trails.

Water quality sampling before 2008 included detections above the water quality standard for TP in all
samples collected, which included four above the forest boundary and one below the forest boundary.
Cooperative studies in 2003 by the Gallatin National Forest, DEQ, and the Gallatin Local Water Quality
District determined that recreational use of the road/trail above the forest boundary was a significant
disturbance, resulting in sediment deposition of highly erodible soils to the stream corridor. In summer
2007 a portion of the road/trail in Bear Canyon was closed to some motorized uses, and a section of the
trail was decommissioned and relocated to reduce sediment loading to a portion of the stream. In
samples collected since 2007, water quality has improved significantly. Therefore, for the purposes of
this assessment only data collected since 2007 is included, given the significant restoration work that

occurred before 2008.

Summary statistics for nutrient data and results of the assessment method evaluation for Bear Creek are
provided in Tables 6-6 and 6-7, respectively. In 2008 and 2009, a total of nine growing season samples
were collected on Bear Creek for NO3+NO,, eight for TN, and nine for TP. Algal samples were analyzed
for chlorophyll-a (n=3) and AFDW (n=1) between 2008 and 2009. One macroinvertebrate sample was
collected in 2011 and had an HBI score less than 4. This sample was collected immediately downstream
of the road/trail decommissioning project of 2007. The NO;+NO, and TN data passed both statistical
tests, and there were no exceedances of target values for either parameter. The TP data failed the
binomial statistical test and had two exceedances of the target value; TP passed the student t-test. Algal
samples did not exceed target values for chlorophyll-a or for AFDW. Omitting the pre-2008 data does
not allow for a full assessment because the minimum sample size is not met. xisting data support the

current listing, and a TMDL for TP will be developed for Bear Creek.
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Table 6-6. Nutu‘i?nt[\ﬁékt%(&%\mar\yff\or Bear ret-!‘lctcL bL& 5 (QD.C% T ‘j:je"& Q(LS ‘lltl
Nutrient Parameter Sample Timeframe n min max mean 80th percentile ( 6\335 -
Nitrate+Nitrite 2008-2009 9 0.016 0.049 0.031 0.038 \
TN 2008-2009 8 0.091 0.220 0.150 0.206 g’( (ﬂ /7
TP 2008-2009 9 0.016 0.049 0.026 0.031 ﬁ,‘ lﬂ /
Chlorophyll-a 2008-2009 3 NA NA 27.6 NA
AFDW 2009 1 NA NA 17.2 NA
Macroinvertebrate HBI 2011 1 NA NA 3.155 NA
Table 6-7. Assessment Method Evaluation Results for Bear Creek
Nutrient n Target Value Target Binomial T-test | Chl-aTest Indicates
Parameter (mg/1) Exceedances Test Result | Result Result Impairment?
Nitrate+Nitrite | 9 0.100 0 PASS PASS PASS NO
TN 8 0.300 0 PASS PASS PASS NO
TP 9 0.030 2 FAIL PASS PASS YES
6.4.3.3 Bridger Creek

Bridger Creek is listed on the 2012 303(d) List for TN and TP nutrient impairment. Bridger Creek flows
21.5 miles from the headwaters in the Gallatin National Forest to the mouth (East Gallatin River) and
was first included on the 2006 303(d) List as being impaired for TP based on nutrient, chlorophyll-a, and
macroinvertebrate samples from 2004.

Extensive nutrient sampling occurred between 2004 and 2011. Chlorophyll-a samples were collected in

2004 and 2008, and macroinvertebrates were sampled in 2004 and 2011 (Table 6-8). More than 25

samples were collected for NO3+NO, (n=29), TN (n=26), and TP (n=29). TN and TP passed both statistical

tests and each had only a single target exceedance in the sampling period (Table 6-9). NO;+NO; had

nine target exceedances and failed the binomial test. Ten of 11 macroinvertebrate samples exceeded

criteria. The elevated HBI scores and failed binomial test for NO3+NO, suggests a nutrient impairment,

although nutrient concentrations were not significantly elevated above the target. The current listing for

TKN and TP are clearly not supported by the data, which implies a nutrient impairment from NO3+NO,.

Because the NO,+NO, exceedances are not reflected in the TN data, only a TMDL for NO;+NO, will be .

\c
aﬁ"‘%@"

_(\,\_(05

developed for Bridger Creek. < Aes SQ?LLQ (1Lo\D) does v ‘“@“‘* Mot N30 2 c,n'j(ﬂQ\
. X oould w Scod KR clog % La\m{ 02, 2 sh ]
Table 6-8. Nutrient Data Summary for Bridger Creek L" 3 l ‘ o
Nutrient Parameter Sample n min max mean 80th 14 ‘h-
Timeframe percentile  |d U:hej‘(
Nitrate+Nitrite 2007-2011 29 0.005 0.170 0.066 0.120 l 4
TN 2004-2011 26 0.080 1.150 0.269 0.290 . “
TP 2004-2011 29 0.005 0.046 0.013 0.017 C_C v\{;\\&-
Chlorophyll-a 2004-2008 6 1.40 106.0 46.7 101.0
AFDW NA 0 NA NA NA NA 0. ﬁ
Macroinvertebrate HBI 2004-2011 11 3.857 6.128 4.662 4.822 G -k.é(
Table 6-9. Assessment Method Evaluation Results for Bridger Creek
Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter (mg/l) Exceedances | TestResult | Result Result Impairment?
Nitrate+Nitrite | 29 0.100 9 FAIL PASS PASS YES
TN 26 *0.300 1 PASS PASS PASS NO
TP 29 0.030 1 PASS PASS PASS NO
9/6/2012 DRAFT 6-10
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6.4.3.4 Camp Creek

Camp Creek is included on the 2012 303(d) List for TN nutrient impairment. Camp Creek flows 29.6 miles
from the headwaters on the Madison Plateau (Camp Creek Hills) to the mouth (Gallatin River). Camp
Creek was first included in 1996 303(d) List for a TN impairment based on data collected in the late
1980s, which examined nonpoint source effects to the waterbody.

Nutrient samples were collected on Camp Creek from 2001 to 2009 (Table 6-10). Target values were
Yl ¢y exceeded in 13 of 14 samples for NO;+NO,, in 10 of 11 samples for TN, and in 10 of 14 samples for TP
I‘Pg‘ (Table 6-11). Nutrient mean concentrations were significantly above the target per respective
C)’N\ q parameter. Per DEQ's assessment method, the lack of sufficient chlorophyll-a and macroinvertebrate
V) data preclude the clear interpretation of nutrient sampling results. The existing data suggest a
Q ¢ ‘r— significant nutrient impairment from TN and TP. In addition to the current TN listing, a TMDL for TP will
\ X be developed for Camp Creek based on the failure of both statistical analyses. Because the NO;+NO,
QP 0© (¢ “mpairment is reflected in the TN data, NO;+NO, will not be addressed with a specific TMDL but will be
< addressed by the TMDL for TN.
\a =
,f\ ¥ Table 6-10. Nutrient Data Summary for Camp Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
M Nitrate+Nitrite 2001-2009 12 0.380 1.990 1.380 1.886
o TN 2001-2009 9 0.600 2.400 1.508 1.936
TP 2001-2009 12 0.027 0.175 0.101 0.144
Chlorophyll-a 2008 1 NA NA <50 NA
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI NA 0 NA NA NA NA
Table 6-11. Assessment Method Evaluation Results for Camp Creek
Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter {mg/l) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 12 0.100 12 FAIL FAIL PASS YES
TN 9 0.300 9 FAIL FAIL PASS YES
TP 12 0.030 8 FAIL FAIL PASS YES
6.4.3.5 Dry Creek

Dry Creek is included on the 2012 303(d) List for TN and TP nutrient impairments. Dry Creek flows20:1
miles from the headwaters in the Horseshoe Hills to the mouth (East Gallatin River) and was first listed
in 2000 for nutrient impairments based on nutrient sampling, including impairment documentation from
the late 1970s.

(Sl
. /
Nutrient data vyé collected from 2007 to 2009 (Table 6-12). There were no target exceedances for TP
and. it passed both statistical analyses. There were four exceedances of target values for both NO;+NO,
and TN; both parameters failed the binomial and student t-tests (Table 6-13). There is no algalor ——
e/ w
macroinvertebrate data available from the sample period to provide a more in-depth assessment of the
nutrient data, specifically TP. The data support the current listing for TN but fail to ‘eliminate TP as a S \,5.\ X
cause of impairment because of an inadequate sample population and lack of biological data. Therefore, Sbg W
a TMDL for both TN and TP will be developgd for Dry Creek. Because the NO3+NO, impairment is (A

reflected in the TN data, a TMDL for NO;+NO; will not be developed but will be addressed by the TMDL

jo

for TN. ONe La ‘& Moo, TN 0‘0—’"‘\- o2
(ﬁucd—f
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\ Table 6-12. Nutrient Data Summary for Dry Creek
9 Nutrient Parameter Sample Timeframe n min max mean 80th percentile

g Nitrate+Nitrite 2007-2009 7 0.026 0.450 0.211 0.384
\‘V‘ TN 2007-2009 7 0.100 0.590 0.374 0.554
Sf TP 2007-2009 7 0.015 0.027 0.021 0.026

b’ Chlorophyll-a NA 0 NA NA NA NA

AFDW NA 0 NA NA NA NA

Macroinvertebrate HBI NA 0 NA NA NA NA

Table 6-13. Assessment Method Evaluation Results for Dry Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter (mg/l) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 7 0.100 4 FAIL FAIL NA YES
TN 7 0.300 4 FAIL FAIL NA YES
TP 7 0.030 0 PASS PASS NA NO

6.4.3.6 Upper East Gallatin River
.\/M The upper segment of the East Gallatin River (MT41H0003_010) is included on the 2012 303(d) List as
0 being impaired for TN and TP. The upper segment of the East Gallatin River flows 7.3 miles from its
w\‘\\( L starting point at the confluence of Bear Creek and Rocky Creek to the confluence with Bridger Creek and
was first included on the 2006 303(d) List for TN and TP. There were no nutrient impairment listings on

)}Q:{g/}\g;). the segment before 2006.
: ¢ ‘\5

"}bﬁ\ ¢ Bozeman Creek flows into the East Gallatin River at Bozeman, and its drainage includes the Absaroka-
Gallatin-Volcanics Level IV ecoregion. As outlined in Section 6.4.2 in Table 6-3, water quality targets are
Q/ different upstream and downstream of Bozeman Creek. Therefore, assessments of water quality in
‘(‘0 QS reference to target values in this segment are done separately and will be presented as such. However,
\P the overall impairment determination is for the entire assessment unit from the confluence of Rocky
x and Bear Creeks to the confluence of Bridger Creek and the East Gallatin River. Therefore, if 1 reach is
determined to be impaired, the entire assessment unit follows that determination.

In the reach above the Bozeman Creek confluence, nutrient data was collected between 2005 and 2010.
@chlomphyll-a samples were collected in 2005 and 2009 and one AFDW sample was analyzed in

009. A single sample for macroinvertebrate data was collected in 2005. Summary nutrient data
statistics and assessment method evaluation results for the upper segment of the East Gallatin River are
provided in Tables 6-14 and 6-15, respectively. There were no target exceedances for TN or TP, but
there were three for NO;+NO,. There was not enough data to complete all statistical analyses. The
chlorophyll-a samples were \pelow criteria, but AFDW was above criteria. The macroinvertebrate sample
was >4 HBI, indicating nutrien impairment.

y 28 ?(Qd.ouus commants o~ Al e:k-c\:’\(;‘.k
= ORpeS (eosN AoF .M?a.rgd LYDSS‘\’L'* MQZPR‘W\ I\)Qa-onz)
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Table 6-14. Nutrient Data Summary for Upper East Gallatin River from confluence of Rocky and Bear

Creeks to the confluence of Bozeman Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2005-2010 6 0.005 0.200 0.118 0.17
TN 2005-2010 6 0.025 0.300 0.224 0.28
TP 2005-2010 7 0.001 0.027 0.018 0.023
Chlorophyll-a 2005-2009 2 5.2 103.1 54,12 83.48
AFDW 2009 1 NA NA 66.8 NA
Macroinvertebrate HBI 2005 1 NA NA 4.24 NA

Table 6-15. Assessment Method Evaluation Results for Upper East Gallatin River from confluence of
Rocky and Bear Creeks to the confluence of Bozeman Creek

Nutrient n Target Target Binomial T-test Chl-a Test Indicates
Parameter Value (mg/!) | Exceedances | Test Result Result Result Impairment?
Nitrate+Nitrite 6 0.100 3 FAIL FAIL PASS YES
TN 6 0.300 0 NA NA PASS NO
TP 7 0.030 0 PASS NA PASS NO

In the reach below the Bozeman Creek confluence, nutrient data was collected between 2005 and 2008.
Two chlorophyll-a samples were collected in 2005 and 2009. Macroinvertebrate data comprise three
samples collected in 2005. No AFDW data are available for this reach. Summary statistics for nutrient
data and results of the assessment method evaluation for the upper segment of the East Gallatin River
are provided in Tables 6-16 and 6-17, respectively. There were three target exceedances each for TN
and NO;+NO;; TP-had two target exceedances. There was not enough data to complete all statistical
analyses. Chlorophyll-a samples were below criteria, but the macroinvertebrate samples were >4 HBI,
indicating nutrient impairment.

Table 6-16. Nutrient Data Summary for Upper East Gallatin River from the confluence of Bozeman
Creek to the confluence of Bridger Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2005-2007 3 0.17 0.41 0.32 0.393
TN 2005-2007 3 0.65 2.00 1.12 1.48
TP 2005-2008 5 0.026 0.133 0.057 0.071
Chlorophyll-a 2005 2 7.2 13.4 10.3 12.16
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI 2005 2 4.07 4.32 4.20 427 —

Table 6-17. Assessment Method Evaluation Results for Upper East Gallatin River from the confluence dus" 4
of Bozeman Creek to the confluence of Bridger Creek Pugl\"‘
Nutrient ; Target Value Target Binomial T-test | Chl-a Test Indicates d d 3
Parameter / (mg/1) Exceedances Test Result | Result Result Impairment?* m
Nitrate+Nitrite 3 0.100 3 NA NA PASS YES
TN 3 0.290 3 NA NA PASS YES
TP 5 0.050 2 NA NA PASS YES

*Impairment deci$t6n result of water quality target exceedances for NO3+NO02, TN and TP and macroinvertebrate

HBI scores >4.

\’ e \ews ®  of Samples *‘Mouv\(/\_.o‘k twe Eas 4 Gallatin
e, ar din-\—\,cb%_“ Dol

Pu SLGN\LM‘—;

—
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[\é‘(\ Because of the influence of Bozeman Creek, the upper segment of the East Gallatin River has two
SQ'"\ﬂ’ different water quality targets for TN and TP. Although there is currently not enough data to complete
é( &&5 the statistical analyses, th ‘ and the observed exceedances of water quality targets
™~ support the current listing for TN and TP, for\which TMDLs will be developed. It does appear that the
;\a upper segment is not impaired for TP above he Bozeman Creek confluence. Because the NO;+NO,
v impairment is reflected in the TN data, a TMPL for NO3+NO, will not be developed but will be addressed

\k %K\r/zgtheTMDLforTN. \A)Q‘LL daj.q‘ (/g_/_(\.‘ C(OQL " \ﬂ,\resb\b\d

[p\“"bﬂ« S 6.4.3.7 Middle East Gallatin River
D\’)' n The 2012 303(d) List identifies TN and TP nutrient impairments on the middle segment of the East
o &ng W

Gallatin River (MT41H0003_020). The segment includes the portion of the East Gallatin River from the
R @ confluence of Bridger Creek to the confluence with Smith Creek and flows 25.5 miles. First included for
\ ,& nutrients and pH on the 1996 303(d) List, the segment includes the outfall from the Bozeman
,@ wastewater treatment plant. For assessment purposes, data were not adjusted to reflect the October
2011 completion of Bozeman’s upgrade to its Water Reclamation Facility (WREF). Data collected
downstream of the WRF were reviewed for TMDL development. (d rcluded hese 7)

QB\N;\’ étA The pH listing on the middle segment was originally tied to Bozeman'’s municipal wastewater treatment
facility, which was believed to be impairing the receiving waterbody for pH. Analysis of flow rates and
M pH of the receiving waterbody found that the Bozeman WRF is not violating the water quality standard
M«.\ ~ forpH for the East Gallatin River {per ARM 17.30.623(c)). This was specifically documented by a 1997
6\') r$ USGS study that examined effluent mixing characteristics for several wastewater discharges, including "}(
Ql\' Bozeman’s WRF, on the East Gallatin River (Cleasby and Dodge, 1999). Therefore, a TMDL for pH will not Wt A‘ LC,
}( 1. be developed for this segment. — /\ )

¥

X
L}
Hyalite Creek flows into the East Gallatin River at Bozeman, and its drainage includes the Absaroka- ; S"(f o,)o-
Gallatin-Volcanics Level IV ecoregion. As outlined in Section 6.4.2 in Table 6-3, water quality targets in MDVS
the upper segment of the East Gallatin River are different upstream and downstream of the Hyalite W’J
Creek confluence. Therefore, assessments of water quality in reference to target values in this segment (L 5(,,

are done separately and will be presented as such. However, the overall impairment determination is \ oS /
for the entire assessment unit from the confluence of Bridger Creek and the East Gallatin River to the ? ,QO

confluence of Smith Creek and the East Gallatin River. Therefore, if 1 reach is determined to be X 1
impaired, the entire assessment unit follows that determination. \g\/ ¢ \2\ ’
Upstream of the Hyalite Creek confluence, nutrient samples were collected on the middle segment of v

the East Gallatin River from 2005 to 2010 (Table 6-18). Target values were exceeded for NO3+NO,, TN,

and TP in 93%, 93%, and 61% of samples, respectively (Table 6-19). Mean concentrations were (%
significantly greater than targets for all nutrient parameters; NO3;+NO,, TN, and TP failed both statistical 0

tests. Although none of the chlorophyll-a samples were above target criteria, the AFDW sample was
above the target. All macroinvertebrate samples exceeded the threshold HBI score (>4), suggesting
impairment.
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Table 6-18. Nutrient Data Summary for Middle East Ga"étin River from the confluence of Bridger
Creek to the confluence of Hyalite Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2005-2010 15 0.060 4.270 1.080 1.38
TN 2005-2010 15 0.025 5.100 1.328 1,522
TP 2005-2010 18 0.003 0.870 0.238 0.353
Chlorophyll-a 2005-2009 5 3.9 83.4 51.10 77.320
AFDW 2009 1 NA NA 87.4 NA
Macroinvertebrate HB! 2005 4 4.97 7.05 5.63 5.97

Table 6-19. Assessment Method Evaluation Results for Middle East Gallatin River from the confluence
of Bridger Creek to the confluence of Hyalite Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter {mg/l) Exceedances Test Result | Result Result Impairment?
Nitrate+Nitrite 15 0.100 14 FAIL FAIL PASS YES
TN 15 0.300 14 FAIL FAIL PASS YES
TP 18 0.030 11 FAIL FAIL PASS YES

Downstream of the Hyalite Creek confluence, nutrient samples were collected on the middle segment of
the East Gallatin River from 2005 to 2009 (Table 6-20). Target values were exceeded for NO;+NO,, TN,
and TP in all samples (Table 6-21). Mean concentrations were significantly greater than targets for all
nutrient parameters. There wa} not enough data to complete all statistical analyses. Chlorophyll-a and
AFDW samples were above targets, and the macroinvertebrate sample exceeded the threshold HBI
score (>4).

Table 6-20. Nutrient Data Summary for Middle East Gallatin River from the confluence of Hyalite
Creek to the confluence of Smith Creek

Nutrient Parameter Sample Timeframe | min max mean 80th percentile
Nitrate+Nitrite 2005-2009 4 0.93 0.99 0.978 0.994
TN 2005-2009 4 1.09 1.40 1.183 1.244
TP 2005-2009 6 0.081 0.189 0.126 0.149
Chlorophyll-a 2005-2009 2 71.4 135.9 103.65 123.04
AFDW 2009 1 NA NA 82.3 NA
Macroinvertebrate HBI 2005 1 NA NA 4.88 NA

Table 6-21. Assessment Method Evaluation Results for Middle East Gallatin River from the confluence
of Hyalite Creek to the confluence of Smith Creek

Nutrient Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter h\ (mg/1) Exceedances Test Result | Result Result Impairment?
Nitrate+Nitrite 4 0.100 4 NA NA FAIL YES
TN 4 0.290 4 NA NA FAIL YES
TP 6 0.060 6 NA NA FAIL YES

Although there is not enough data to perform statistical analyses on the reach below the Hyalite Creek
confluence, exceedances of nutrient targets for water quality, combined with biological indicators,
clearly imply TN and TP impairments and support the current listing. TMDLs will be developed for both
TN'and TP. Because the NO;+NO, exceedances are reflected in the TN data, only a TMDL for TN will be
developed to address the nitrogen impairment in the middle segment of the East Gallatin River.
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6.4.3.8 Lower East Gallatin River ChaR ‘\?0"3k G artatir
The lower segment of the East Gallatin River (MT41H0003_030) is included on the 2012 303(d) List for
TN nutrient impairment. The lower segment flows 13.5 miles from the confluence of Smith Creek to the
mouth, where it joins Camp Creek to form the Gallatin River. The segment was first included on the
1996 303(d) List for nutrient and pH impairments. For assessment purposes, data were not adjusted to
reflect the October 2011 completion of the city of Bozeman’s Water Reclamation Facility (WRF)
upgrade. Data collected downstream of the WRF were reviewed for TMDL development.

7~

The pH listing on the lower segment was originally tied to Bozeman’s municipal wastewater treatment
facility, which was believed to be impairing the receiving waterbody for pH. Analysis of flow rates and
pH of the receiving waterbody found that the WRF is not violating the water quality standard for pH for
the East Gallatin River (per ARM 17.30.623(c)). This was specifically documented by a 1997 USGS study
that examined effluent mixing characteristics for several wastewater discharges, including the city of
Bozeman WRF, on the East Gallatin River (Cleasby and Dodge, 1999). Therefore, a TMDL for pH will not

_  be developed for this segment. Tn,\ 8 tisyk ,\,X 1

Nutrient data was collected from 2005 to 2010. Summary statistics for nutrient data and results of the
assessment method evaluation for the lower segment of the East Gallatin River are provided in Tables 6-
22 and 6-23, respectively. There were eight exceedanceswach of target values for NO;+NO, and TN;
there were three exceedances for TP. NO;+NO, and TN failed both statistical tests, while TP passed the
binomial and t-tests. Algal samples were above criteria for chlorophyll-a and AFDW. Combined with the
macroinvertebrate samples, the dataset indicates nutrient impairment from TN and TP. Although the
segment is not listed for TP, based on the data analysis, a TMDL for TP will be developed for the
waterbody segment in addition to a TMDL for TN. The algal data, in combination with the elevated HBI

scores for macroinvertebrates, supports afnew/listing for TP, — Jen  wjo m. N
AN

g B

N
N

L s ZQ?

. —_—
é}‘g\‘b\ 4 Table 6-22. Nutrient Data Summary for Lower East Gallatin River \ S‘\ ,\% YC( M . -
‘b Nutrient Parameter Sample Timeframe n min max mean 80th percentile
\‘ Nitrate+Nitrite 2005-2010 8 0.420 0.810 0.600 © 0.706
3'#/ TN 2005-2010 11 0.620 1.000 0.826 0.930
TP 2005-2010 8 0.003 0.097 0.044 0.069
Chlorophyll-a 2005-2009 3 8.7 161.0 60.2 160.97
AFDW 2009 1 NA NA 146.9 NA
Macroinvertebrate HBI 2005 2 3.821 4.642 4,232 4.478
Table 6-23. Assessment Method Evaluation Resuits for Lower East Gallatin River
Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter \ (mg/1) Exceedances | TestResult | Result Result impairment?
Nitrate+Nitrite 8 0.100 8 FAIL FAIL FAIL YES
TN 11 0.290 8 FAIL FAIL FAIL YES
TP 8 ) 0.060 3 PASS PASS FAIL YES
T
6.4.3.9 Godfrey Creek

Godfrey Creek is included on the 2012 303(d) List for TN and TP nutrient impairments. Godfrey Creek
flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) to the mouth, where it
flows into Moreland Ditch, an irrigation canal. The waterbody was first listed for nutrient impairments in

1996.
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ot
Nutrient data w;(

collected during two growing seasons in 2008 and 2009 (Table 6-24). Target values

were exceeded in 6 of 7 samples for NO3+NO,, in 7 of 8 samples for TN, and in 6 of 10 samples for TP
(Table 6-25). Only one chlorophyll-a sample was collected, and it was below the target value. No AFDW
or macroinvertebrate data is available for Godfrey Creek. The limited biological data does not affect the

current listing for TN and TP, which are supported by the large number of target value exceedances for -~
all three nutrient parameters. Because the NO;+NO, exceedances are reflected in the TN data, only a )A,Co

TMDL for TN will be developed to address the nitrogen impairment in Godfrey Creek. A TMDL for TP will
also be developed for Godfrey Creek.

Table 6-24. Nutrient Data Summary for Godfrey Creek

‘Vy
50~ C)JV‘V ”'\{OJ

09

\si X
Mo

Q9

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2008-2009 7 0.040 2.040 1.105 2,010
TN 2008-2009 8 0.210 2.200 1.303 2.120
TP 2008-2009 10 0.016 0.166 0.053 0.065
Chlorophyll-a 2009 1 NA NA 42.4 NA
AFDW NA NA NA NA NA NA
Macroinvertebrate HB| NA NA NA NA NA NA
Table 6-25. Assessment Method Evaluation Results for Godfrey Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates

Parameter {mg/l) Exceedances Test Result | Result Result Impairment?
Nitrate+Nitrite 7 0.100 6 FAIL FAIL PASS YES
TN 8 0.300 7 FAIL FAIL PASS YES
TP 10 0.030 6 FAIL FAIL PASS YES

6.4.3.10 Lower Hyalite Creek
The lower segment of Hyalite Creek is not included on the 2012 303(d) List for nutrient impairment but
is included in this review because data collected to assist with TMDL development for the middle and
upper segments of Hyalite Creek indicated elevated nutrient concentrations. The lower segment
extends 21 miles from the Bozeman water supply diversion to the mouth (East Gallatin River). The
middle and upper segments are located in the Absaroka-Gallatin-Volcanic Level IV ecoregion, which has
documented natural sources of phosphorous; therefore, the lower segment of Hyalite Creek has target
values for TN and TP different than other Level IV ecoregions in the Middle Rockies ecoregion (Table 6-
3). A complete summary of the listing history and water quality assessments of all three segments may
be found in Appendix E.

Nutrient data was collected each year from 2008 to 2011. Summary nutrient data statistics and
assessment method evaluation results for the lower segment of Hyalite Creek are provided in Tables 6-
26 and 6-27. Thirteen samples were collected for TN, NO3;+NO,, and TP. TN and NO;+NO, each exceeded

the target value in 10 and 11 samples, respectively; TP h

ad five exce

f the target value. TN and
(_,__}CWEEL_E_\ b X

NO;+NO;, failed both the binomial test and student t-test’ There is no AFDW data available for thé
segment. Two chlorophyll-a samples were collected (1 in 2004; 1 in 2008) and four macroinvertebrate
samples were collected in 2004 and between 2008 and 2011. Neither of the chlorophyll-a samples
exceeded the target criteria, but two of the four macroinvertebrate samples had an HBI score >4.

Combined with the macroinvertebrate data, the large number of exceedances of water chemistry target

values for TN and NO;+NO, implicate a nutrient impairment for nitrogen. Because the NO;+NO,
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exceedanées are reflected in the TN data, only-a TMDL for TN will be developed to address the nitrogen
impairment in the lower segment of Hyalite Creek:

Table 6-26. Nutrient Data Summary for Lower Hyalite Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2008-2011 13 0.100 0.550 0.226 0.368
TN 2008-2011 13 0.110 1910 0.583 0.728
TP 2008-2011 13 0.030 0.091 0.069 0.091
Chlorophyll-a 2004-2008 2 12.7 24.3 18.5 NA
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI 2004-2011 4 2.618 4.695 3.672 4.537
Table 6-27. Assessment Method Evaluation Results for Lower Hyalite Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates

Parameter {mg/1) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 13 0.100 11 FAIL FAIL PASS YES
TN 13 0.260 10 FAIL FAIL PASS YES
TP 13 0.090 5 PASS PASS PASS NO
6.4.3.11 Jackson Creek

Jackson Creek is included on the 2012 303(d) List for a TP nutrient impairment. Jackson Creek is located
in the Absaroka-Gallatin-Volcanic Level IV ecoregion and flows 8.6 miles from the headwaters to the
mouth (Rocky Creek). Rocky Creek begins at the confluence of Jackson and Timberline Creeks. This
ecoregion, in the Level Il Middle Rockies, has documented natural sources of phosphorous and
therefore has target values for TN and TP different than other Level IV ecoregions in the Middle Rockies
ecoregion (Table 6-2). Jackson Creek was first listed for a TP nutrient impairment in 2006 based on
nutrient, chlorophyll-a, and macroinvertebrate data collected in 2002 and 2004.

Water chemistry data was collected on Jackson Creek between 2004 and 2009 (Table 6-28). The data is
limited to six samples for NO;+NO,, five samples for TN, and six samples for TP. There were no target
exceedances for any of these parameters; NO;+NO,, TN, and TP passed both statistical tests (Table 6-
29). There is no AFDW data available for this segment. Biological sampling includes two chlorophyll-a
samples (from 2004 and 2008) and three macroinvertebrate samples collected between 2002 and 2007.
All of the macroinvertebrate samples had an HBI score <4, indicating no impairment. Chlorophyll-a
samples were collected in 2004 and 2008; one exceeded target criteria (>120 mg/m?). The chlorophyll-a
exceedance indicates that excess algae is impairing beneficial uses and signifies a nutrient impairment.
Given the original listing for TP in 2006, and the 4: TMDL for TP will be developed for
Jackson Creek. Even though there were no detected TP excéedances, the elevated chlorophyll-a value
suggests nutrient impairment, and the sample size is not adequate to conclude no impairment for TP.

whoX dafa?. el dobe

Table 6-28. Nutrient Data Summary for Jackson Creek
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Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2004-2009 6 0.005 0.070 0.028 0.062
TN 2004-2009 5 0.110 0.200 0.162 0.196
TP 2004-2009 6 0.007 0.029 0.015 0.026
5 Chlorophyll-a 2004-2008 2* 76.3 145.0 110.7 NA
AFDW NA 0 NA NA NA NA
kw& Macroinvertebrate HBI 2002-2007 3 2.357 2.357 2.781 3.110

* A third observation was a visual estimate of < 50 mg/m2 and was not included in the summary statistics.
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Table 6-29. Assessment Method Evaluation Results for Jackson Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates
Parameter (mg/l) Exceedances Test Result | Result _Result Impairment?
Nitrate+Nitrite 8 0.100 0 PASS PASS FAIL NO
N 6 0.250 0 PASS PASS FAIL NO
TP 8 0.130 0 PASS PASS FAIL YES .
\d mu-
6.4.3.12 Mandeville Creek $ ‘AW ) "‘“‘/w

Mandeville Creek is not included on the 2012 303(d) List for nutrient impairments. Manauwlj Creek
flows 5.6 miles from the headwaters to the mouth (East Gallatin River).

Summary nutrient data statistics and assessment method evaluation results for Mandeville Creek are
provided in Tables 6-30 and 6-31, respectively. NOs+NO,, TN, and TP samples were collected in 2009,
2010 and 2011. All nutrient samples exceeded water quality target values. There is no AFDW or
chlorophyll-a data available for the stream, but the macroinvertebrate data exceeded the threshold HB!
score in all 6 samples. The combination of nutrient and macroinvertebrate results overwhelmingly
indicate TN and TP nutrient impairments for Mandeville Creek. TMDLs for both TN and TP will be
developed based on the existing data. Because the NO3+NO, exceedances are reflected in the TN data,
only a TMDL for TN will be developed to address the nitrogen impairment in Mandeville Creek.

Table 6-30. Nutrient Data Summary for Mandeville Creek

Nutrient Parameter Sample Timeframe | n min max mean 80th percentile
Nitrate+Nitrite 2009-2011 18 0.280 6.000 1.342 2.050
TN 2009-2011 18 0.580 5.971 1.692 2.320
TP 2009-2011 18 0.056 0.210 0.099 0.107
Chlorophyll-a NA 0 NA NA NA NA
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI 2009-2011 6 4.487 5.971 5.031 5.596
* This was a visual estimate of < 50 mg/m2.
Table 6-31. Assessment Method Evaluation Results for Mandeville Creek
Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates

Parameter {mg/1) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 18 0.100 18 FAIL FAIL NA YES
TN 18 0.300 18 FAIL FAIL NA YES
TP 18 0.030 18 FAIL FAIL NA YES
6.4.3.13 Reese Creek

Reese Creek is included on the 2012 303(d) List for NO3+NO, nutrient impairment. Reese Creek flows 8.3
miles from the headwaters in the Bridger Range to the mouth {Smith Creek). Smith Creek is a tributary
to the East Gallatin River. Reese Creek was first listed for a nutrient impairment in 2000.

Data is limited for Reese Creek. Summary nutrient data statistics and assessment method evaluation
results for Reese Creek are provided in Tables 6-32 and 6-33, respectively. NO3+NO,, TN, and TP samples
were collected in 2008 and 2009 but were too few to complete a full assessment since the minimum
samplefsize was not met. However, all four NO3+NO, samples and all four TN samples exceeded target
values. There is no AFDW or macroinvertebrate data available for the stream, but the exceedance rate
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for NO;+NO, and TN samples, even in a small sample population i : itrogen impairment.
Because there is not enough data for Reese Creek to Complete a full assessment)a TMDL for both TN
and NO3+NO, will be developed based on the extremely high probability of impairment per the existing

data. & %S NSH“) Sxakvs

Table 6-32. Nutrient Data Summary for Reese Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2008-2009 4 0.560 0.690 0.638 0.690
TN 2008-2009 4 0.700 0.810 0.753 0.810
TP 2008-2009 5 0.007 0.020 0.015 0.020
Chlorophyll-a 2008 1* NA NA <50 NA
AFDW NA 0 NA NA NA NA
Macroinvertebrate HBI NA 0 NA NA NA NA

* This was a visual estimate of < 50 mg/m".

Table 6-33. Assessment Method Evaluation Results for Reese Creek

Nutrient n Target Value Target Binomial T-test | Chl-aTest Indicates
Parameter {mg/1) Exceedances | TestResult | Result Result Impairment?
Nitrate+Nitrite 4 0.100 4 NA NA PASS YES
TN 4 0.300 4 NA NA PASS YES
TP 5 0.030 0 NA NA PASS NO
6.4.3.14 Smith Creek

The 2012 303(d) List contains a NO3+NO, nutrient impairment for Smith Creek. Smith Creek flows 6
miles from the confluence of Ross and Reese Creeks to the mouth (East Gallatin River). The stream was
first listed in 2000 for a nutrient impairment based on instream water quality samples.

Water quality and biological data is limited to five samples analyzed for NO3+NO,, TN, and TP collected

from 2007 to 2009 (Table 6-34). There is no AFDW, macroinvertebrate, or chlorophyll-a data available

for Smith Creek. There was not enough data to complete a binomial test for TP. The exact binomial test
assumes a datum will either exceed the target value or it will not. All five samples for NO;+NO, and TN

had exceedances—overwhelming evidence—and the binomial test yielded a FAIL determination (Table
6-35). Three of five samples had exceedances for TP, which were too few total samples to determine
whether TP had a significant number of exceedances compared with non-exceedances of target values

for the exact binomial test. However, NO;+NO,, TN, and TP all failed the student t-test, and NO3+NO,

and TN both failed the binomial test. )N\y —

Because NO3+NO, and TN failed both statistical tests, this imfxlies that Smith Creek is impaired by
nitrogen even in the absence of biological data. According t0!2012 assessment protocol, there is not
enough data to complete a full assessment to identify TP as a cause of impairment; thus, TMDL
development will be limited to TN and N&t+NO7based on the extremely high probability of impairment

per the existing data. \/\lor\"\' MO%"‘QD’L Ne. C ] S'Qé xb\‘\"'\L T T -bk?
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Table 6-34. Nutrient Data Summary for Smith Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2007-2009 5 0.805 1.290 1.071 1.262
TN 2007-2009 5 0.520 1.250 1.024 1.226
TP 2007-2009 5 0.013 0.064 0.035 0.062
Chlorophyll-a NA NA NA NA NA NA
AFDW NA NA NA NA NA NA
Macroinvertebrate HBI NA NA NA NA NA NA
Table 6-35. Assessment Method Evaluation Results for Smith Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates

Parameter (mg/1) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 5 0.100 S FAIL FAIL NA YES
TN 5 0.300 5 FAIL FAIL NA YES
TP 5 0.030 3 NA PASS NA NO

6.4.3.15 Thompson Creek

Thompson Creek is included on the 2012 303(d) List for a TN nutrient impairment. Also known as
Thompson Spring, the creek flows 7.4 miles from the headwaters to the mouth (East Gallatin River).
Thompson Creek was first listed for a TN nutrient impairment in 2006 based on chlorophyll-a,
macroinvertebrate, and water chemistry samples collected in 2004.

Nutrient parameter data was collected on Thompson Creek between 2004 and 2009. Summary statistics
for nutrient data and results of assessment method evaluations for Thompson Creek are provided in
Tables 6-36 and 6-37, respectively. There were 10 exceedances of the target value for NO;+NO, and 8
exceedances for the TN target value. For TP, 3 of 10 samples exceeded the target criteria. However, TP
passed both statistical tests. TN and NO;+NO, failed both the binomial and student t-tests. There are no
AFDW data available for this stream. None of the chlorophyll-a samples were above criteria (>120
mg/m?), but all macroinvertebrate samples were >4 HBI, indicating impairment of aquatic life. Combined
with the statistical results for NO;+NO, and TN, the HBI scores above the threshold value indicate
nitrogen impairment. Because the NO3+NO, exceedances are reflected in the TN data, only a TMDL for
TN will be developed to address the nitrogen impairment in Thompson Creek.

Table 6-36. Nutrient Data Summary for Thompson Creek

Nutrient Parameter Sample Timeframe n min max mean 80th percentile
Nitrate+Nitrite 2004-2009 10 0.370 1.570 0.932 1.188
TN 2004-2009 8 0.800 1.540 1.1650 1.348
TP 2004-2009 10 0.013 0.039 0.025 0.035
Chlorophyll-a 2004-2009 3 30.1 108.0 75.8 108.0
AFDW NA NA NA NA NA NA
Macroinvertebrate HBI 2004-2008 4 5.849 6.555 6.155 6.374
Table 6-37. Assessment Method Evaluation Results for Thompson Creek

Nutrient n Target Value Target Binomial T-test | Chl-a Test Indicates

Parameter {mg/l) Exceedances | Test Result | Result Result Impairment?
Nitrate+Nitrite 10 0.100 10 FAIL FAIL PASS YES
TN 8 0.300 8 FAIL FAIL PASS YES
TP 10 | 0.030  —> 3.~ PASS —% PASS PASS ) NO —>
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6.4.4 Nutrient TMDL Development Summary

Table 6-38 summarizes the 2012 nutrient 303(d) listings for the Lower Gallatin TMDL project area and
updated TMDL development determinations for the waterbodies of concern identified in Section 6.3.
TMDLs will be developed mostly for TN and TP. TMDLs for NO3+NO, will be developed for Bridger,
Reese, and Smith Creeks. Additionally, a TMDL for TN will be developed for a currently unlisted segment
on Lower Hyalite Creek, which was not identified as impaired for nutrients on the 2012 303(d) List.

Overall, these changes from the 2012 303(d) List are the result of limited data at the time the waterbody
segments were initially listed, particularly when compared with the significant increase in data collected

over the past 10 years (Section 6.3). They are also the result of different criteria that were used as the
listing basis, such as the introduction of water quality standards specific to the Absaroka-Gallatin-
Volcanics Level IV ecoregion, which affected listings on Hyalite Creek. The updated impairment
determinations will be reflected in the 2014 Water Quality Integrated Report.

Table 6-38. Summary of Nutrient TMDL Development Determinations

2012 303 (d)
Stream Segment Waterbody ID Nutrient TMDLs
R Prepared
Impairment(s)
BOZEMAN CREEK, confluence of Limestone Creek and
Bozeman Creek to the mouth {East Gallatin River) LIE IR ™, TP ™
BEAR CREEK, headwaters to mouth (Rocky Creek) MT41H003_081 TP TP
::II'::?ER CREEK, headwaters to mouth (East Gallatin MT41H003_110 N, TP NOs+NO,
CAMP CREEK, headwaters to mouth (Gallatin River) MT41H002_010 TN TN, TP
DRY CREEK, headwaters to mouth (East Gallatin River) MT41H003_100 TN, TP TN, TP
EAST GALLA:rIN RIVER, confluence of Rocky and Bear MT41H003_010 N, TP ™, TP
Creeks to Bridger Creek
EAST GALLATIN RIVER, Bridger Creek to Smith Creek MT41H003_020 TN, TP, pH TN, TP
:QZT')GALLATIN RIVER, Smith Creek to mouth (Gallatin MT41H001_030 TN, pH N, TP
GODFREY CREEK, headwaters to mouth {Moreland Ditch) | MT41H002_020 TN, TP TN, TP
HYALITE CREEK, Headwaters to Hyalite Reservoir MT41H003_129 ™, TP None (.f,ee
Appendix E)
HYALITF CREEK, Hyalite Reservoir to Bozerpan water MT41H003_130 N, TP None (see
supply intake Appendix E)
HYALITE CREEK, Bc.azen'wan water supply intake to the MT41H003_134 None ™
mouth (East Gallatin River)
JACKSON CREEK, headwaters to mouth (Rocky Creek) MT41H003_050 TP TP
:/il\lNr)DEVILLE CREEK, headwaters to mouth (East Gallatin MT41H003_021 None N, TP
REESE CREEK, headwaters to mouth (Smith Creek) MT41H003_070 NO3+NO,
NO1+NO,
SMITH CREEK, confluence of Ross and Reese Creeks to
mouth (East Gallatin River) MT41H003_060 NO5+NO, 0:+NO,
THOMPSON CREEI? (Tl'iompson Spring), headwaters to MT41H003_090 ™ ™
mouth (East Gallatin River)
\al ‘f\g\ o oMMy FIMLS  dewe
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6.5 NUTRIENT SOURCE ASSESSMENT AND QUANTIFICATION

This section summarizes the assessment approach, current nutrient load estimates, and the rationale for
load reductions and allocations within the Lower Gallatin TMDL planning area (TPA). The nutrient data

discussed in Section 6.3 were used to identify whether nitrogen and/or phosphorus are causing
impairment.

To evaluate loading contributions from different sources, a source area-based approach was used with
available water quality and flow data for the July 1-September 30 summer period. Supporting
documentation, including source assessments and water quality reports specific to assessment units in
the Lower Gallatin TPA, was used to interpret instream observations. Land-use datasets from the United
States Department of Agriculture (USDA) were also used to interpret water quality data. Detailed source
assessments using this approach for streams with TMDLs is found in Appendix F.

6.5.1 Nonpoint Sources of Nutrients
Nutrient inputs into streams in the Lower Gallatin planning area come from several nonpoint sources
(i.e., diffuse sources that cannot easily be pinpointed). DEQ’s source area-based assessment evaluated
nutrient contributions from the following nonpoint sources:
¢ agriculture (irrigated and dryland cropping; pastures/rangeland)
development (infrastructure and residential)
forests and wetlands
natural background (geology, wildlife)
Subsurface wastewater disposal and treatment (individual, community septic systems and
WWTPs that discharge to groundwater)
e other urban sources

Note: Although road-related sediment was incorporated into the sediment TMDLs, it is not discussed in
this section because it is not a significant nutrient source; only a small fraction of phosphorus is bound

tothe sediment. —»  (gealg Stokenme k. | needp Soeeoc-\}rw& wafoc pretson ,%
6.5.1.1 Agriculture

E s 3 . . S22 gra 3 g-+Re-vaney bottoms QU P . E-5€8
are several possible ways for nutrients to be transported from agricultural lands to surface water during 4

the growing season (Green and Kaudflfmar!,s 1989): N
. -Eﬁettniﬂnter grazing 9k Vegetativéhealth and its ability to uptake ap nutrients and minimize (]

erosion in upland and riparian areas.
¢ Breakdown of excrement and loading via surface and subsurface pathways.

® Delivery from grazed forest and rangeland during the growing season sometimes along
tributaries to impaired waterbodies. <

o fhere 4

N D Y

® Transport from fertilizer applied in late spring via overland flow and groundwater.

® Increased mobility of phosphorus caused by saturated soils in irrigated pastures. [

Pastures/Rangeland

Pastures are managed for hay production during the summer and for grazing during the fall and spring.
Hay pastures are fairly thickly vegetated in the summer: less so in the fall through spring. The winter
grazing period is long (October-May), and trampling and feeding further reduces biomass when it is
already low. Commercial fertilizers are used infrequently in the watershed, but cattle manure—naturally

¢ Jakion
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applied—occurs in higher quantities from October through May because of higher cattle density than

that found on range and forested areas. . N
T Al Yoo ace Acgin to d¥feranficte betuseen ?as—( vce

Rangeland has much less biomass than that produced by other Ian% uses and therefore contributes ?}d\ w«

fewer nutrients from biomass decay. However, manure deposition does play a role. Similar to the forest (% !

areas, rangeland is grazed during the summer in the watershed and is managed similarly to the grazing buk Anak

in the forest areas. This is sometimes an important contribution to an impaired waterbody via b oaot
tributaries. clean.

. : ki of Buplait .
Irrigated and Dryland Cropping ¢
Cropping in the Lower Gallatin TPA is predominate?{irrigated and dryland production of small grains,
with smaller acreages of potatoes, peas, and corn{ This category also includes sod farms. Irrigated lands

are usually in continuous production and have annual soil disturbance and fertilizer inputs. Dryland
cropping may have fallow periods of 16 to 22 months, depending on site characteristics and landowner
management. Nutrient pathways include overland runoff, deep percolation, and shallow groundwater
flow, which transport nutrients off site.

6.5.1.2 Development
Developed areas contribute nutrients to the watershed by runoff from impervious surfaces, deposition
by machines/automobiles, application of fertilizers, and increased irrigation of lawns. Golf courses are

S included in this category. Although developed areas often have the highest nutrient loading rates, in the
o \* Lower Gallatin watershed developed areas make up a small percentage of the overall area.
3
€3 6.5.1.3 Forests 5
é g 3 The forested areas in the Lower Gallatin watershed are heavily timbered. Additionally, coniferous R
. 2 forests do not lose a large percentage of their biomass each fall (as a deciduous forest does). Therefore, N Sé\ i
& ~-

JS. overall runoff values are low for forested areas because of their capacity to infiltrate, transpire, and \\\.5 « '},
g g <G otherwise capture rainfall.{However, some of the forested areas in the Lower Gallatin watershed are _- e \ \‘)j
£ grazed, and a few have been mined in the past, leaving tailings piles and nonvegetated areas near \:U’ ,&J

v streams@razing had to be applied at the hydrologic response unit (HRU) scale and was applied on HRUs \}
g‘F '_’tﬁgt/w_e-re predominantly within grazing allotments on the Gallatin National Fore;tiDEQ assumed that Nv X

the same number of cow/calf pairs grazing in forest or rangeland over the summer was moved to ‘15‘3‘
pasture during the rest of the year (October-May). A B

Y{}(

QN
Recent data collected by MBMG abdve the torest boundary from streams draining the Bridger Range OJ
\QQ}' documented NO;+NO, concentrations above reference concentrations for that ecoregion. Because the -Q \k
\XQU 09’\0 data could not be separated from natural background with high confidence, assessment units with \’v \
&C o headwaters in the Bridger Range combined forest and natural background source allocations (Bridger W’F& ‘\/"
\ﬁ\r X Creek, Dry Creek, Reese Creek, and Smith Creek). eV
& N\ e N
A by,
6.5.1.4 Natural Background o W\

The natural background component of nutrient loading was evaluated where data Dd}{available and (-;°w.\°d’ v \
could be identified as natural. Where data was not available, the gnédian-values for reference sites as o.\ .}3( J(r‘
compiled by DEQ in the associated ecoregions were used to quantify the natural load in an assessment ,QO‘ ‘\,2(

unit.

COV\"‘V_(;AJ because P -7
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variable that increases with increasing temperatures. During the summer months there may be slightly
higher nitrogen attenuation rates of effluent as it migrates through shallower soils that have seasonal
temperature fluctuations. MEANSS is a steady-state model that does not account for those types of
minor seasonal fluctuations. Due to the uncertain effluent travel times in the subsurface, correlating
seasonal nutrient attenuation in soils with impacts to surface waters would not provide any additional
accuracy to the model results. Another model assumption was that perennial streams are gaining in all
reaches, which does not apply to many of the streams in the Lower Gallatin TPA. Model estimates for
nutrient loading were compared with the area-weighted approach but were not used in place of the
area-weighted analysis because MEANSS tended to overestimate summer loading rates based on the
reasons outlined above. Source assessments using synoptic sampling and compared with septic density
maps per sub-basin were used to quantify the contribution from septic drain fields. These loads were
compared with loads derived from the MEANSS model.

Separate from the MEANSS model, loading estimates for TN and TP were calculated using available

influent water quality data and loading rates for wastewater treatment facilities discharging to

groundwater in drainages with nutrient impaired streams. These calculations were done for the

Amsterdam-Churchill WWTP (MTUS00015), Belgrade WWTP (MTX000116), and the Riverside Water & Snott
Sewer District WWTP (unpermitted; private facility). flese S
6.5.1.6 Other Urban Sources \ow YT

In addition to development sources, other urban sources include runoff from impe{vious_su[{a;_e_s,_storm

water drains, and illicit pipe discharges to impaired waterbodies. For the Lower Gallatin TMDL, urban

sources were identified based on nutrient loading within the sewered areas of the city of Bozeman that

discharge to Bozeman Creek, Bridger Creek, and the East Gallatin River.

6.5.2 Point Sources ,
In addition to nonpoint sources, nutrient inputs into streams in the Lower Gallatin planning area come
from several point sources (i.e., distinct, identifiable sources, such as pipes feeding directly into a
waterbody). Point sources include the city of Bozeman Water Reclamation Facility (WRF) and MS4 storm
water system, as well as the US Fish & Wildlife Service*s Bozeman Fish Technology Center. By law, these
point sources must be permitted. As of March 19, 2012, there were 81 permitted point sources under
the Montana Pollutant Discharge Elimination System (MPDES) within the Lower Gallatin TMDL Project
Area (Appendix A; Figure A-22):
* City of Bozeman Water Reclamation Facility (WRF) (MT0022608)
City of Bozeman Water Treatment Facility (MT0030155)
City of Bozeman ~ Lyman Creek Reservoir (MT0031631)
City of Bozeman MS4 Storm Water System (MTR040002)
Town of Manhattan Wastewater Treatment Facility (WWTF) (MT0021857)
United States Fish & Wildlife Service (USFWS) Bozeman Fish Technology Center (MTG130006)
One permit for petroleum cleanup (MTG790003)
One permit for construction dewatering (MTG070687)
Two permits for disinfected water (MTG770015 and MTG770018)
Three permits for sand and gravel (MTG490019, MTG490024, and MTG490026)
Four Concentrated Animal Feeding Operations (MTG010052, MTG010188, MTG010219, and
MTG010225)
* Five permits for industrial activity storm water (MTR0O00095, MTR000192, MTR000358,
MTR000403, and MTR000483)

9/6/2012 DRAFT 6-26





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan - Section 6.0

1
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Portions of the Hyalite Creek and Bozeman Creek drainages a;ua(ethe forest boundary are underlain by
the Phosphoria Formation (Berg et al., 2000; Berg et al., 1999; Kellogg and Williams, 2006; Vuke et al.,
2002). This formation can cause elevated phosphorus concentrations in groundwater and surface water.
Studies done by the Gallatin National Forest and Montana State University in the 1970s documented
phosphorus concentrations up to 0.50 mg/L (mean 0.07 mg/L) in Bozeman Creek above the forest
boundary and elevated natural background concentrations in the Hyalite Creek drainage (Glasser and
Jones, 1982; Schillinger and Stuart, 1978). Researchers linked phosphorus concentrations more strongly
to natural processes than to land uses, such as grazing and logging.

wildlife

The effect of wildlife grazing and waste on nutrient loading is considered part of the natural background
load. The contribution of wildlife was not evaluated during this project and may be greater in more
heavily used areas of the watershed; however, in a multi-state study with varying densities of wildlife
and livestock, wildlife were estimated to contribute a minimal nutrient load compared with livestock
(Moffitt, 2009).

6.5.1.5 Subsurface Wastewaper Disposal and Treatment

Nitrogen and phosphorus discharg@y septic systems that migrate to surface waters were determined

using the Method for Estimating Attenuation of Nutrients from Septic Systems (MEANSS) model.

MEANSS used septic location data in the Lower Gallatin TPA to calculate the distance to perennial

streams and calculate a load to surface water based on local soil types. The model accounted for

identified septic systems (Gallatin City-County Health Department, 2009; Gallatin Local Water Quality

District, 2010) and systems that have a Montana Ground Water Pollution Control System (MGWPCS)

permit. For non-residential MGWPCS permitted systems where actual current wastewater flow rates are

not available, design loading rates were used in the analysis. Although design rates are typically larger

than average daily rates, they were used in the absence of an accurate method to estimate average

rateEecause the TPA has so many,septic systems, the potential error associated with these specific

permitted systems should have no €gnificant effect on the final analysis‘l — gyfta,{/\ — T twnk e
(\hentiad ? ercoc  couled e Ve latge,

The MEANSS model is a steady-state tool; it assumes that all septic systems identified are currently 1

contributing wastewater to the surface waters in the watershed. This assumption may not be accurate (h.{al.dJ e

for some septic systems depending on when they were built and the time it takes their effluent to

migrate into surface waters. This is a simplifying assumption that greatly reduces the complexity and

time necessary to provide an estimate of the nutrient loading from septic systems. While the steady-

state assumption will overestimate the nutrient loading from septic systems in the short-term, the

model does not account for approved but not yet constructed septic systems which underestimates

long-ternt nutrient loading. These two assumptions are believed to roughly balance each other out for

the purposes of the nutrient loading estimates.

The daily load from each system was based on literature values and conservative assumptions used
during permitting for subdivisions in Montana (Montana Department of Environmental Quality, 2009).
Because a complete system failure is typically addressed very quickly, DEQ used conservative
assumptions for the load. The model worked well in watersheds with medium to high septic density but
often appeared to overestimate loads in watersheds with low septic density. Also, the model calculated
annual loads, whereas the TMDLs focus on summer loading (July 1-September 30). Annual load
estimates do not take into account higher uptake rates by downgradient vegetation and changes in
septic use during the summer. Nitrogen attenuation in the environment is a temperature dependent
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¢ Fifty-nine general permits for construction activity storm water

Of the complete list of MPDES permits, only three have direct nutrient discharges to nutrient-impaired
streams in the Lower Gallatin TPA. The city of Bozeman WRF (MT0022608) discharges directly to the
East Gallatin River, the USFWS Fish Tech Center (MTG130006) discharges to Bridger Creek, and the city
of Bozeman’s MS4 sends storm water flows to Bridger Creek, Bozeman Creek, and the East Gallatin
River. Other significant nutrient sources, such as the town of Manhattan WWTF and CAFOs, all discharge
to the Gallatin River and are not addressed in this document, since no TMDLs are necessary for the

Gallatin River— =, ‘dk\(? Beoase il fhuont Leen asceceed ? Cornve the gdake
dort iadecaske M pad crvenk ? oyplar.

To provide the required wasteload allocations (WLAs) for permitted point sources, a source assessment

was performed for the city of Bozeman WRF and MS4 permits and for the USFWS Fish Tech Center.

Point source allocations are detailed in Section 6.6.1. The development of the Bozeman WLAs is

consistent with the reasonable assurance approach defined within Section 4.4.

6.5.2.1 City of Bozeman Water Reclamation Facility (MT0022608)

The city of Bozeman Water Reclamation Facility (WRF) completed an extensive upgrade in fall 2011, in
addition to a smaller upgrade completed in November 2007. Existing nutrient loads to the East Gallatin
River were calculated using the primary assumption that since October 1, 2011, the WRF is able to treat
wastewater to 5 mg/L TN and 0.5 mg/L TP. Data from the discharge monitoring report (DM R) is available
since 2006. The long-term average discharge from the facility is 5.87 million gallons per day (MGD) (9.10
cfs). Since October 2011, the mean continuous nutrient load from the WRF to the East Gallatin River is
calculated as 244.79 |bs TN/day and 24.48 |bs TP/day.

6.5.2.2 City of Bozeman Municipal Separate Storm Sewer System (MTR040002)

The city of Bozeman’s Municipal Separate Storm Sewer System (MS4) falls under the “MPDES General
Permit For Storm Water Discharge Associated with Small Municipal Separate Storm Sewer System
(MS4)” (MTR0O4000). The most recent permit was issued by DEQ on February 22, 2010, to three co-
permittees: the city of Bozeman (city), Montana State University — Bozeman (MSU), and the Montana
Department of Transportation (MDT). This permit allows the discharge of storm water to the following
surface waters:

e Spring Creek (for city) ° Maynard Border Ditch (for city and

e Bozeman Creek (for city and MDT) MDT)

e Bridger Creek (for city) e Mandeville Creek (for city and MSU)

e East Gallatin River (for city and MDT) e Middle Creek Ditch (for city and MSU)
e Farmers Canal (for city and MSU) *  West Gallatin Canal (for MSU)

e Bear Creek (for city) ¢ Unnamed Ditch - West End MSU

e Baxter Creek (for city and MDT) Boundary (for MSU)

The storm water system is designed for a 2-hour event of 0.41 inch of precipitation with a 10 year
recurrence interval. The MS4 area comprises 6% of the Bozeman Creek watershed, 0.4% of the Bridger
Creek watershed, 2.5% of the East Gallatin River watershed, and >90% of the Mandeville Creek
watershed. The East Gallatin River receives approximately 82% of the storm water flow, Bozeman Creek
16%, and Bridger Creek <2% from the MS4. Based on 30 years of precipitation data (1980-2009), 20.05
inch of precipitation falls, on average, 18.6 days per summer period (July 1-September 30). Activation of
the MS4 is relatively infrequent during the summer period.
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DEQ ran a Storm Water Management Model (SWMM) with different Event Mean Concentrations (EMCs)
based on 30 years of ¢limate data from the weather station at the Montana State University campus
(Coop ID 241044} | \We ﬁlhe model with literature values from the city’s storm water systems in the
Intermountain West and with permit benchmark values from the Nationwide Urban Runoff Program
(NURPﬂInitiaI analyses determined that the literature values overestimated the nutrient loading and

the NURP data underestimated the loads. Data from discharge monitoring reports (DMRs) collected in
sub-basins of the Bozeman Creek drainage were used to adjust relative discharge water quality values by
sub-basin.

Upgradient land-use characteristics were determined for the two DMR sampling locations and were
compared to the land-use attributes for each sub-basin delineated in the SWMM model. DMR data
collected at the Tamarack site represented commercial land use, with lower levels of residential land
use, and reflected the literature values observed in the Intermountain West. The Langhor DMR sampling
location was more representative of open-space and residential areas and was more comparable to
NURP data. Based on the DMR data, the two SWMM models (literature values and NURP values) were
combined based on land-use characteristics in each sub-basin. in this way, sub-basins reflecting
commercial land use used the literature values to estimate loads; sub-basins reflecting open-
space/residential use used the NURP data to derive load estimates. The SWMM model did not include
any best management practices scenarios.

Table 6-39 includes the total allowable summer load (July 1-September 30) for TN and TP based on the
calculated median (50th percentile) flow for each receiving waterbody. For comparison, the table also
contains the estimated loading from the MS4 during the same period.

Table 6-39. July 1-Sept 30 allowable loading and SWMM model results for the city of Bozeman
MS4 based on 1980-2009 precipitation data

Allowable TN MS4 TN Load Allowable TP Loading MS4 TP Load
Loading {ibs/summer) (Ibs/summer) (lbs/summer)
(lbs/summer) SWMM model SWMM model
Bozeman Creek 1691.604 980.52 169.16 167.22
Bridger Creek 1691.604 27.88 169.16 5.69
East Gallatin 6036.12 4678.69 603.61 747.03

4 Q\ci(,m'z A Lo e(,wef\l—a?/
The SWMM model suggests that the loading from the MS4 is significant when tompared with the oc 1
calculated allowable load during the summer period (July 1-September 30). The allowable load is based
on the water quality target and the median flow in the receiving waterbody. The chlorophyll-a and
AFDW data suggest exceedances of water quality criteria in Bozeman Creek and the East Gallatin River.
However, it is impossible to link the exceedances directly to the MS4 discharges because there are other
nutrient sources in the drainages receiving flows from the MS4. Implementing the SWMP and best
management practices is required to reduce the concentration and discharge volume so that the total
summer loading from the M54 is reduced.

6.5.2.3 USFWS Bozeman Fish Technology Center (MTG130006)

The US Fish & Wildlife Service’s Bozeman Fish Technology Center uses several water rights to run
operations at the facility, including diversions on a warm spring and a cold spring located at the mouth
of Bridger Canyon. The spring diversions have documented concentrations of NO;+NO, above the target
value (0.1 mg/L) for Bridger Creek. The spring sources previously discharged to Bridger Creek and still do
when spring discharge exceeds facility demand. An extensive water reuse system in the main research
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facility recycles water several times for reuse before the water is filtered in a 60-micron drum filter,
-+ followed by two 1500-micron filters, and then a baffle system, after which the water is discharged to
l, Bridger Creek. Currently the outdoor fish runs at the facility are not being used until concerns about
§- ;3" PCB-contaminated building materials are addressed.

~
(&)
- \‘?\ 3_, NO3+NO, loading from the point discharge was estimated based on available data collected from the
o g"'  discharge flow and from the springs that supply water to the facility. According to DMR data, summer
¥ &9 discharge from the center is between 800 and 1,000 gpm (1,000 gpm = 2.33 cfs). Based on the water

j ev Y quality data collected from the source waters, and the facility effluent in 2005 and 2010, the center
* 8 4:.\' generates ;ﬁ NO3+NO; as an N load of 0.777 Ib/day. The load was determined by calculating the source
water load, based on flow diversions and site-specific water quality data, and subtracting the outgoing
_,\}' \ load at the discharge point, also based on actual water quality data and approximate flow rates. The
»° )Cj‘-' load calculated from real data (0.777 Ib/day NO3+NO,) compares well with a load of 0.745 Ib/day based
A v ;ﬂ o on literature values and the center’s operating parameters (Wright and Anderson, 2001). Because TN odd(

'\ \PM' A i have a water quality standard for Bridger Creek of 0.3 mg/L, D alyzed the situation to Werdla A

eo-v A2 etermine if the discharge will exceed the TN water quality target of 0.3 mg/L)Several scenarios were
6\} run for flow in Bridger Creek and effluent concentrations from the fish hatchery. Assuming that the
N X"'Q,. inorganic fraction of TN is 65% and is discharging at 2.33 cfs into Bridger Creek at low flow (7Q10=3.9 c,o’:k \»0%
,\:S(\g" cfs), the TMDL target water quality standard of 0.3 mg/L for TN is not exceeded in Bridger CreekT) - S('; o "‘;ow,
L} " " *7
- ,5¢4«  6.5.3 Existing Nutrient Load Summary ‘QMQ e
Y \ e source assessment results for TP (Figure 6-2 through 6-6) indicate that in catchments dominated by 64&
agricultural land use, rangeland and pasture and cropping practices constitute 48% of the TP load on
B G average. The exception is Bear Creek where forest is the dominant TP source category (at 49% of the
heo existing load), with agricultural land uses comprising only 13%. In watersheds with a mix of agriculture

coa and residential land use, developed areas comprise 27% of the TP load, while TP from agriculture
Q""’N\R decreased to 33%. Concerning TP, the East Gallatin River receives a load from the city of Bozeman Water
W“\‘"M\ Reclamation Facility (WRF) discharge, which is the most significant nutrient point source in the Lower
N Kot i Gallatin TPA. The WRF discharge comprises 34% of the TP load in the middle segment and 20% in the
lower segment. On average, 29% of the existing TP load in these segments originates from agricultural

2:):\,\«}&*_-* land uses.

X W" X'Olu.?‘“‘l‘k * - . . . . <

( 0 For TN (Figure 6-7 through 6-13), agricultural land uses constitute 67% of the existing load in

i watersheds where agriculture is the dominant land use. This falls to 37% in catchments with a mix of

agriculture and residential/urban land uses, such as Bozeman Creek and Mandeville Creek. In these

ds mixed basins, developed areas (21%) and subsurface wastewater treatment and disposal areas (16%)

No comprise larger portions of the TN load on av eEr;e East Gallatin River, Hyalite Creek, and Smith
Creek all receive TN loads from Bozeman'’s Wﬁn the East Gallatin River, the WRF discharge

Wprises 34% of the TN load in the middle segment and 16% in the lower segment. On average, 23% of

the existing TN load in these segments originates from agricultural land uses. On the lower segment of

7 Hyalite Creek, East Gallatin River flows are diverted to Hyalite Creek via Buster Gulch. Via Buster Guich,
11% of the TN load on Hyalite Creek is from the Bozeman WRF. Smith Creek receives significant flows

d ‘d( from the East Gallatin River downstream of the Hyalite Creek confluence via the Dry Creek Irrigation
DOW canal. By this conveyance, 24% of the existing TN load to Smith Creek is from the Bozeman WRF.
e &} 3 VB
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¢
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Figure 6-2. Source Assessment Result Summary by Watershed for TP
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Figure 6-3. Source Assessment Result Summary by Watershed for TP
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Figure 6-4. Source Assessment Result Summary by Watershed for TP
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Figure 6-5. Source Assessment Result Summary by Watershed for TP
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Figure 6-6. Source Assessment Result Summary by Watershed for TP
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Figure 6-7. Source Assessment Result Summary by Watershed for TN
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Figure 6-8. Source Assessment Result Summary by Watershed for TN
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Figure 6-9. Source Assessment Result Summary by Watershed for TN
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Figure 6-10. Source Assessment Result Summary by Watershed for TN

9/6/2012 DRAFT 6-38





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 6.0

Mandeville Creek TN
Natural
Urban  Background
Cropping 15% 6%
40%
Subsurface
wastewater
disposal
Pasture/ Developed and
Rangeland 24% treatment
13% 2%

Natural Subsurf
Background Reese Creek TN ubsurtace

wastewater
8% disposal
and
TT————_treatment
11%

Forest
Cropping 16%
28%

Developed
1%

Pasture/
Rangeland
36%

Figure 6-11. Source Assessment Result Summary by Watershed for TN
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Figure 6-12. Source Assessment Result Summary by Watershed for TN
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Figure 6-13. Source Assessment Result Summary by Watershed for NO;+NO,
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Ofterall, the source assessments are consisten
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6.6 NUTRIENT TMDLS /lt‘jh Her
Nutrient TMDLs will be developed for the nutrient pollutant causes identified for each waterbody in i Mas "‘—;{ve
Table 6-38. The TMDL equation for each nutrient form is based on flow and the nutrient targets and is Sense
provided in Equations 6-1 through 6-3. The target values are based on the most sensitive uses (Table 6-2
and 6-3); therefore, the nutrient TMDLs protect all designated beneficial uses. Future conditions will be
deemed as meeting the TMDL if there is less than a 20% exceedance rate, as long as exceedances are
spatially and temporally random during the summer months with no chlorophyll-a or ash-free dry - -
weight (AFDW) target exceedances. This exceedance rate allows for natural variability yet should protect
against nutrient conditions that affect any use of the water. The TMDLs are applied only to the summer
growing season {July 1-Sept. 30). Because of the influence of the Absaroka-Gallatin-Volcanics Level IV ;
ecoregion in the Lower Gallatin, there is not a single TN or TP water quality target applicable to the S
entire project area. However, the water quality target for NO;+NO, is the same throughout the project 2
area (0.1 mg/L). o=

Equation 6-1.
Total Nitrogen TMDL (lbs/day) = CFS*5.38*Water Quality Target (WQT)
Where: CFS = Average daily discharge in cubic feet per second; 5.38 = conversion factor; WQT = water
quality target for total nitrogen (Table 6-2 and 6-3)
e gl
Equation 6-2.
Nitrate+Nitrite TMDL (Ibs/day) = CFS*5.38%0.1 e\
Where: CFS = Average daily discharge in cubic feet per second ; 5.38 = conversion factor; 0.1 = NO3+NO;
water quality target (Table 6-2)

Equation 6-3.
Total Phosphorus TMDL (lbs/day) = CFS*5.38*WQT
Where: CFS = Average daily discharge in cubic feet per second; 5.38 = conversion factor; WQT = water
quality target for total phosphorus (Table 6-2 and 6:3)

> n wgle
TMDL examples are provided for each waterbody segment using sample data from the growing season.
The examples show the maximum and minimum for the measured existing load based on the sample
data, as well as the load based on the 80th percentile of the data. The TMDL can be displayed as a line
graph of allowable loading with increasing flow. Figure 6-14 is the graph of an example TMDL for TN for
a water quality target of 0.3 mg/L and with a range of mean daily flows from zero to 75 cfs.|The vertical
dotted line intersects the graph at a streamflow value of 40 cfs. The horizontal dotted line, extending
from the diagonal TMDL graph to the y-axis, identifies the maximum TN load allowed for this discharge.
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Figure 6-14. Graph of the TN TMDLs for mean daily flows from zero to 75

exceeded.

6.6.1 Allocation Approach

Widespread improvements are needed to decrease nutrient loading and meet TMDLs in many streams.
Necessary agricultural BMPs may include, but are not limited to, improved riparian buffers, rotational
grazing, and fertilizer management. These efforts focus on the distribution, usage, and timing on the
landscape. For instance, limiting livestock access to streams with fencing, providing alternate water
sources, and/or installing hardened crossings will reduce direct nutrient inputs to streams, increase
streambank stability, and improve the riparian buffer health. All of these factors will be essential for
meeting both the nutrient and sediment TMDLs.

A combination of BMPs will help reduce nutrient loading, and the most appropriate BMPs will vary by
site. Subsurface wastewater treatment and disposal loading is typically a fairly small portion of existing
nutrient loading in most waterbody segments (Figures 6-2 through 6-13). In assessment units where
subsurface wastewater treatment and disposal constitutes relatively large fractions of the nutrient load,
long-term planning that recognizes the effects of developed areas on nutrient loading is warranted. This
applies specifically to the lower Hyalite Creek and Bozeman Creek drainages. As part of this effort, BMPs
are also needed to reduce nutrient loading from residential and urban areas to decrease the nutrient
inputs from lawn maintenance, pet waste, and impervious surfaces. T™9L
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Eor all other nutrient impaired streams, TMDL allocations are grouped into a single composite load S
7/

Although the needed reductions (based on sample data) apply only to the growing season for nonpoint
sources, DEQ anticipates that TMDL implementation will reduce nutrient loading year-round. This will
address nutrients sources that tend to enter streams during runoff but which are stored in-channel,
becoming available during the summer growing season.

Wasteload allocations (WLAs) were developed for the city of Bozeman WRF, the city of Bozeman MS4,
and the USFWS Fish Technology Center. WLAs are relegated to the middle and lower segments of the
East Gallatin River and Bridger Creek. For these assessment units, the TMDL will be the sum of the WLAs
and load allocations (LAs). The WLAs will be addressed individually, while the LAs will be composited
into a single load allocation, including natural background sources. The WLA for Bozeman's M54 is
unique because during normal low flow conditions it equals zero for this point source. When the M54 is
activated, load reductions are based on the successful implementation of a storm water management
programﬁherefore, a WLA for the MS4 will pot be assigned to its receiving waterbodies (Boi_eman

i in Ri 1 o L o
Creek, Bridger Creek, and East Gallatin River) Nou  mean  NUut é “Y‘:)c. o et -7
Smith Creek and Lower Hyalite Creek, which receive flows from the East Gallatin River via irrigation
canals, are affected by WLAs, although there is no WLA in their sub-basinEn these cases, two distinct

sources are causing the nutrient impairmen?.} e N ?\m - UWMaA o dean N\WL7 :

allocation to all nonpoint sources, including natural background sources.
a I A_all putrient FiviBts-will-be-the-load-allecations. TMDLs and necessary reductions will be
presented first for those assessment units with WLAs. All nutrient TMDLs include an implicit margin of
safety, which is based on conservative assumptions as described in Section 6.6.4.2.

6.6.1.1 City of Bozeman Water Reclamation Facility (MT0022608) WLA

The Bozeman Water Reclamation Facility (WRF) discharges directly into the East Fork of the Gallatin
River, which is impaired for TN and TP. Per Montana State Law (ARM 17.30.637(2)), no wastes may be
discharged such that the wastes, either alone or in combination with other wastes, will violate, or can
reasonably be expected to violate, any of the standards. For a WRF and other permitted dischargers, this
means that a discharge concentration must be less than or equal to an applicable numeric water quality
standard if the reach immediately upstream where the discharge occurs is already exceeding the
standard. If the reach immediately upstream of the WRF discharge is determined to be unimpaired for
TN and/or TP, the WLA will be modified based on a mass-balance approach if there is sufficient
assimilative capacity in the receiving water.

The TMDL target values provide a numeric translation of the applicable narrative standard found in ARM
17.30.637(1)(e). The draft numeric nutrient criteria provide the basis for the TMDL targets. The reach of
the East Fork of the Gallatin River inmediately upstream of the Bozeman WRF discharge is impaired for
both TN and TP based on application of the TMDL targets and DEQ's nutrient assessment methodology.
To ensure the Bozeman WRF discharge does not cause or contribute to a violation of water quality
standards, the wasteload allocation (WLA) is based on a discharge concentration equal to the nutrient
target concentrations for both TN and TP multiplied by the WRF discharge flow. Therefore, the resulting
nutrient WLAs are based on the following equations:

Equation 1: TN WLA = TMDL TN Target Concentration X Discharge Flow = (0.300 mg/|) (Discharge Flow) x
Conversion Factor
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Equation 2: TP WLA = TMDL TP Target Concentration X Discharge Flow = (0.030 mg/I) (Discharge Flow) x
Conversion Factor

The WLAs for TN and TP are represented in Figure 6-15, which identifies the allowable load to the East
Gallatin River based on the discharge rate from the WRF. For reference, the long-term mean discharge
from the WRF is 9.4 cfs (6.08 MGD) and the design capacity for the facility is 21.5 cfs (13.9 MGD).

25
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Figure 6-15. Wasteload allocation for Total Nitrogen and Total Phosphorus for the city of Bozeman
WRF

There is no upper load limit or load cap. In all loading situations the discharge will not cause or
contribute to impairment as long as the discharge concentration is equal to or less than the water
quality standard or TMDL target concentration. Therefore, compliance with the WLA is based solely on
discharge concentration.

Mixing Zone Allowance

If water quality in the East Gallatin River in the reach immediately upstream of the Bozeman WRF
discharge location improves to the point where either the TP or TN water quality target or adopted
numeric nutrient standard is met, then the TN and/or TP WLA may be modified as assimilative capacity
has been created in the receiving water. This increase would be based on a mass-balance calculation
that ensures that water quality standards and/or TMDL targets are met at the end of the mixing zone
during July through September under 14Q5 flow conditions. For a given stream, 14Q5 refers to the 14
day low flow with a recurrence interval of 5 years.
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A mixing zone would be calculated the same regardless of whether or not numeric nutrient standards
are adopted into rule. The 75" percentile of the available upstream water quality data will be used to
determine assimilative capacity of TN and TP.

Phased Implementation of Nutrient Wasteload Allocations

The TMDL targets represent concentrations below the limits of treatment technology for TN and TP.

MPDES permits provides a regulatory mechanism for implementing the TMDL via the variance process, —————
—onee-adepted-inte-rate; to address affordability issues and concerns about the limits of treatment

technology. The variance (75-5-313 MCA) allows Montana to implement numeric nutrient criteria in a

staged manner thus allowing time enough to address all point and nonpoint sources of nutrient

pollution and allow for advancements in treatment technology and associated affordability.

The WLAs for TN and TP for the Bozeman WRF defined in this TMDL allows phased implementation
consistent with the variance process. There are two phased implementation scenarios based on whether
numeric nutrient standards are adopted at the time a MPDES permit is renewed:

Scenario 1: Numeric Nutrient Standards Adopted into Rule

When the city of Bozeman renews its MPDES permit, it can apply for a variance as part of a phased
implementation approach for one or both nutrient WHLAs. The variance will be implemented as defined
within Montana State Law (75-5-313, MCA) and the rule as adopted.

Scenario 2: Numeric Nutrient Standards Not Adopted into Rule

e Phased WLAs for Total Nitrogen (no numeric TN standard)
No action is necessary until the next permit renewal scheduled for 2017. The WLA for TN in the
2017 permit will be based on the WRF discharge flow multiplied by the lower of the two
following concentrations: (1) the design performance at the facility of 7.5 mg/L TN or (2) the
long-term DMR average TN concentration after the 2011 facility upgrade. The WLA for TN in the
2022 permit will be based on the WRF discharge flow multiplied by the then current limit of
technology for TN. Regarding future permit cycles starting in 2017, the TN limit of technology
will be defined by DEQ in conjunction with the Nutrient Work Group. n 2022, if the plant is not
capable of meeting the limit of technology for TN, then a specific plan to optimize TN treatment
capabilities will be required for the 2022 permit renewal outlining specific measures and plant
management protocols that will result in the lowest TN concentration feasible at the facility.
This concentration will be the basis for calculating the TN WLA using the WRF discharge flow in
2022. The process outlined here for the 2022 permit cycle will be applied for all subsequent
permits.

Phased implementation will no longer be necessary once 1) the WRF is able to meet the WLA
value defined by Equation 1 (i.e. discharge concentrations less than or equal to 0.300 mg/l), or
2) the East Gallatin River gains assimilative capacity and the WRF meets the mixing zone
allowance requirements for TN treatment (defined above).

e Phased WLAs for Total Phosphorus (no numeric TP standard)
No action is necessary until the next permit renewal scheduled for 2017. The WLA for TP in the
2017 permit will be based on the WRF discharge flow multiplied by the lower of the two
following concentrations: (1) the design performance at the facility of 1.0 mg/L TP or (2) the
long-term DMR average TP concentration after the 2011 facility upgrade. The WLA for TP in the
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2022 permit will be based on the WRF discharge flow multiplied by the then current limit of
technology for TP. Regarding future permit cycles starting in 2017, the TN limit of technology
will be defined by DEQ in conjunction with the Nutrient Work Group. In 2022, if the plant is not
capable of meeting the limit of technology for TP, then a specific plan to optimize TP treatment
capabilities will be required for the 2022 permit renewal outlining specific measures and plant
management protocols that will result in the lowest TP concentration feasible at the facility. This
concentration will be the basis for calculating the TP WLA using the WRF discharge flow in 2022.
The process outlined here for the 2022 permit cycle will be applied for all subsequent permits.

Phased implementation will no longer be necessary once 1) the WRF is able to meet the WLA
value defined by Equation 2 (i.e. discharge concentrations less than or equal to 0.030 mg/l), or
2) the East Gallatin River gains assimilative capacity and the WRF meets the mixing zone
allowance requirements for TP treatment (defined above).

Under Scenario 2, a timeline of how DEQ anticipates the phased implementation of the
Bozeman WRF WLA to occur (Figure 6-16).

2012 , 2017 2022 Future cycles
AN N N N
2012 Permit not WLA = the lower WLA = limit of Follow 2022
re-opened value of following technology OR process until
(1) WRF design concentration either (1) WRF
treatment OR (2) identified from meets the TMDL
post-September required WRF WLA or (2) WRF
2011 DMR optimization meets TMDL WLA
average outfall study and plan based on
concentration assimilative
capacity of the
East Gallatin
River
Figure 6-16. DEQ anticipated timeline of the phased implementation of the Bozeman WRF WLA

The Bozeman WRF permit was recently renewed in 2012, and the next renewal (after EPA approval of
this TMDL) is scheduled for 2017. Because the Bozeman WRF is currently treating at levels approaching
or consistent with the limits of technology for both TN and TP, and because these treatment levels are
consistent with phased implementation as defined under both scenarios, the existing permit does not
need to be reopened before 2017 to integrate the WLAs defined in this document.

Nutrient Trading

Montana is developing a nutrient trading program to allow point source dischargers to use trading as a
cost-effective method of achieving the state’s numeric criteria for nutrients. Trading is a market-based
approach in which a point source permittee purchases pollutant reduction credits from another point
source or a nonpoint source in the applicable trading region. These credits are used to offset the
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source’s pollutant discharge obligations. Nothing in this TMDL document prevents nutrient trading as
long as it is consistent with Montana'’s nutrient trading program.

6.6.1.2 City of Bozeman MS4 Storm Water System (MTR040002) WLA

Per Part IIl.A. of the General Permit (MTR040000), the city’s, MSU’s and MDT's Storm Water
Management Program must address the pollutants of concern for which the receiving waterbodies are
included on the state’s 303(d) list. This discussion must specifically address best management practices
that will address the pollutants of concern.

Per EPA requirements at the federal level, NPDES-regulated storm water discharges (MS4-permitted
discharges) must be addressed by the wasteload allocation (WLA) of a TMDL (40 Code of Federal
Regulations (C.F.R.) 130.2(h) & (i).). EPA requires a numeric WLA but allows a state permitting authority
to apply best management practices to satisfy the WLA of a TMDL. Where appropriate, surrogate
pollutant parameters (e.g., impervious cover) are acceptable for use as TMDL endpoints or other
appropriate measures (40 C.F.R. 130(2)(i))-

At the state level, ARM 17.30.1111(5) requires MS4 permittees to develop, implement, and enforce a
Storm Water Management Program (SWMP) to reduce the discharge of pollutants to the maximum
extent practicable.

ARM 17.30.1111(5)(a) also states, “For the purposes of this rule, narrative effluent limitations requiring
the implementation of BMPs are the most appropriate form of effluent limitations when designed to
satisfy technology requirements (including reductions of pollutants to the maximum extent practicable)
and to protect water quality. Implementation of BMPs consistent with the provisions of the SWMP
required pursuant to this rule and the provisions of the permit shall constitute compliance with the
standard of reducing pollutants to the ‘maximum extent practicable.”

The MS4 will be assigned a wasteload allocation of zero when the storm water system is not activated.
As required by the general permit, an illicit discharge detection and elimination program is necessary to
achieve this WLA, which requires the permittees to regularly update the storm sewer system map,
showing the location and number of all outfalls. Storm Water Ordinance 1763, adopted by the city of
Bozeman in 2010, establishes legal authority to prohibit illicit discharges in the MS4. These measures
will achieve the WLA when the system should not be producing flow. The illicit discharge detection and
elimination program is critical for reducing chronic exceedances of water quality targets in the receiving
waterbodies.

As discussed in the TMDL targets Section 6.4, there are two primary methods for evaluating target
compliance based on nutrient concentrations. These include the exact binomial and student t-tests.
Normally both tests are satisfied by setting the TMDL such that loading levels satisfy the target
concentration values. This approach works in most watersheds in Montana because the best
management practices (BMPs) required to meet the nutrient TMDLs during low flows are either
somewhat independent of flow (e.g., septic systems) or will also limit elevated nutrient loading during
storm water events (e.g., grazing management). For streams that receive significant storm water flows
from MS4 permitted areas, an additional percent-load reduction WLA is developed for the MS4 to
ensure compliance with the t-test and provide a margin of safety to help ensure compliance with the
additional biology targets.
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During and after precipitation, loading from the MS4 to the receiving waterbodies will be reduced by
implementing ARM’s (17.30.1111) “maximum extent practicable” and by monitoring storm water BMPs
within the MS4 boundaries. In addition to an active storm water management program, these measures
should achieve reductions in nutrient loads to the receiving waterbodies. Based on literature pollutant
removal efficiencies, the maximum-extent-practicable level of treatment varies among BMPs for TN and
TP. The International Storm Water Best Management Practices (BMPs) Database, published in 2010 for
nutrients, lists retention ponds (59% decrease in concentration (DIC)), wetland basins (33% DIC), media
filters (47% DIC), and wetland channels (22% DIC) as the BMPs that consistently reduced TP
concentrations in storm water. For TN, bioretention (12% DIC), retention ponds (27% DIC), and filter
strips (13% DIC) BMPs consistently reduced TN concentrations in storm water. For nitrogen, BMPs must
target the type of nitrogen, since organic nitrogen is reduced differently than inorganic forms. Limited
data from the city of Bozeman MS4 indicate that inorganic nitrogen comprises a larger proportion of TN
than organic forms.

In order to maintain loading from the MS4 following implementation of the control measures,
minimizing loading from new development, or redevelopment, projects greater than 1 acre will be
important. Low-impact development BMPs minimize direct runoff to streams and use onsite or regional
retention and infiltration to effectively remove direct discharge of storm water to streams. The permit
requires that projects that fit the above parameters infiltrate, evapotranspire, or capture for reuse the
runoff generated from the first 0.5 inch of rainfall from a 24-hour storm preceded by 48 hours of no
measurable precipitation. This process was to be in place by January 1, 2012,

DEQ expects that by following the six minimum control measures outlined in the general permit, with
particular attention to illicit discharge detection and elimination and storm water BM Ps, TN and TP loads
to the receiving waterbodies will be reduced by 22% and 46%, respectively. These percent reductions
are based on audit information of the City of Bozeman MS4 program and system and reductions
possible from the available, applicable storm water BMPs.

Table 6-40. July 1-Sept 30 SWMM model results and anticipated reductions with BMP
implementation for the city of Bozeman MS4

TN Load TN Load TP Load TP Load
(Ibs/summer) {Ibs/summer) Under (Ibs/summer) {Ibs/summer) Under
SWMM model BMP scenario SWMM model BMP scenario
Bozeman Creek 980.52 764.81 167.22 90.30
Bridger Creek 27.88 21.75 5.69 3.07
East Gallatin 4678.69 3649.38 747.03 403.40

Table 6-40 provides the resulting estimated loads to each waterbody when the percent reductions are
applied by watershed to the loading values provided in Table 6-39. The values in Table 6-40 provide a
basis for numeric TN and/or TP storm water WLAs for the receiving waters. As discussed above, the

values and associated percent reductions are based on modeling results using characteristics of the MS4
and using literature estimates for the type of BMP loading reductions that could occur via a storm water
protection program, like the one required by the General MS4 permit. Therefore, the allocations can be
satisfied by adhering to all of the requirements of the General MS4 permit. Further, it is unnecessary to
include the TN and/or TP WLA values in Table 6-40 as permit conditions will change in response to
changes in WRF discharge. This is the most feasible approach for meeting WLAs, assuming that over
time monitoring and other permit requirements will help provide the type of information that can be
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used to implement an adaptive management approach to meeting the applicable TMDLs and water
quality protection goals and requirements.

Even when the MS4 meets the percent reduction WLA requirement, receiving waterbodies could
occasionally have concentrations above the target concentrations presented in Section 6.4.2 because of
storm water flows and pollutant concentrations. This is not an issue for compliance with targets and
water quality standards since these excursions will be less than 20% of the summer growing season (July
1-September 30) and will be randomly spaced throughout that period. Where target exceedances do
exist, but are less than 20%, it is desirable to have a somewhat random spacing of such exceedances
similar to what would be anticipated from the city of Bozeman’s MS4 storm water system (Suplee et al,,
2008a).

6.6.1.3 USFWS Bozeman Fish Tech Center (MTG130006} WLA

Extensive water quality sampling on Bridger Creek indicates that the NO3+NO, impairment is primarily
limited to the stream reach below the Lyman Creek confluence downstream of the Fish Technology
Center. Paired sampling above and below the Lyman Creek confluence from 2008 to 2011 observed
water quality exceedances in 4 of 12 samples ~1.5 miles downstream of the Lyman Creek confluence
near the mouth of Bridger Creek and none of 11 samples taken ~9 miles upstream of where Lyman
Creek flows into Bridger Creek. NO;+NO, was below the reporting limit for the only sample (collected on
August 8, 2005) available for Bridger Creek immediately upstream of the center. The reporting limit was
0.05 mg/L for this sample. The NO3+NO, impaired reach downstream of the center starts at the Lyman
Creek confluence and is the result of downstream elevated controllable nitrate sources predominantly
linked to land-use practices. Additional monitoring will be a requirement of the Fish Technology Center’s
WLA to ensure that the conditions upon which the WLA is based are maintained. Therefore, the TMDL
for NOs+NO, for Bridger Creek will focus on obtaining load reductions for the reach below the Lyman
Creek confluence and maintaining existing water quality in the reaches above the Lyman Creek
confluence (Figure 6-17).

T 7 Py B
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Figure 6-17. Delineation of segments above and below the Lyman Creek confluence in the Bridger
Creek watershed

Because the Fish Technology Center discharge is not entering an impaired reach of Bridger Creek, and is
contributing only 4% of the total inorganic nitrogen load to the creek below the Lyman Creek
confluence, a WLA of 0.777 Ib/day, equal to the current discharge load, will be given to the facility.
Operations at the research facility must not exceed the existing load. Conservative estimates of TN
loading from the facility do not cause a water quality impairment in Bridger Creek for TN in the reach
where the discharge occurs. The facility will be encouraged to implement nutrient sampling for TN, TP,
and NO3+NO, of the hatchery discharge and in Bridger Creek below the mixing zone.

6.6.2 Meeting Allocations

The first critical step toward meeting the nutrient allocations involves applying and/or maintaining the
land management practices or BMPs that will reduce nutrient loading. Once these actions have been
completed, the landowner/manager will have taken action consistent with the intent of the nutrient
allocation for that site. For many nonpoint source activities, it may be several years before full load
reduction is achieved, even though all BMPs are in effect. For example, riparian areas may take several
years to fully recover and decrease nutrient loading after implementing grazing BMPs. It is also
important to apply proper BMPs and other water quality protection practices for all new or changing
land management activities to limit any potential increased nutrient loading.

Progress toward achieving TMDLs and individual allocations can be gauged by BMP implementation and
improvement in, or attainment of, water quality targets defined in Section 6.4.2. Any effort to calculate
loads and percent reductions for comparing with TMDLs and allocations in this document should be
accomplished via the same methodology and/or models used to develop the loads and percent
reductions presented here.

6.6.3 TMDLs and Allocations by Waterbody

The middle and lower segments of the East Gallatin River and Bridger Creek have TMDLs that include
wasteload allocations (WLAs) for the Bozeman WRF and the USFWS Fish Technology Center. The Lower
Gallatin TPA includes multiple irrigation ditch networks that cross sub-basin divides. On Hyalite Creek
and Smith Creek—tributaries to the East Gallatin River—irrigation diversions on the East Gallatin River
transport East Gallatin River flows to nutrient-impaired stream segments on Hyalite and Smith Creeks.
All other streams are not under the influence of a WLA. Following are the nutrient TMDLs for each
waterbody segment in the Lower Gallatin planning area

6.6.3.1 Bridger Creek

The extensive water quality data available for Bridger Creek suggests that the NO;3;+NO, impairment is
limited to the lower reaches near the mouth and below the canyon. Therefore, the TMDL will focus on
achieving reductions in the area of the basin downstream of the canyon mouth and below the Fish
Technology Center discharge point.

—,“\L Fiol Tedn Cenker \nu,s O vee. . '
Bridger Creek has a wasteload allocation of 0.777 |b NO;+NO, /day frem-the-cantes, which comprises
approximately 4% of the existing load, The center WLA does not change with flow. Downstream of
Bridger Canyon, documented inorganic\pitrogen from springs comprise a large natural
background/forest load to the assessmekt unit. Montana Fish, Wildlife & Parks (FWP) lists Bridger Creek
below the canyon as chronically dewaterad (i.e., in almost all years, dewatering is a significant problem).
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The Fish Tech Center WLA is small percentage of the TMDL. The TMDL will be met with a 5.8% reduction
from existing nonpoint sources (LAs)(Table 6-41). Allowing a 0% reduction in natural background/forest

and subsurface wastewater treatment and disposal (SWTD), agriculture and residential/developed area

sources must reduce TN loads by 12% to achieve the TMDL. Developed areas include golf courses.

Table 6-41. Nitrate+Nitrite Allocations and TMDL for Bridger Creek below canyon

Source Existing Load LA WLA TMDL %
(Ibs/day)* (Ibs/day) | (lbs/day) | (lbs/day) | Reduction

Natural Background/Forest 10.26 10.26 0.0%
Agriculture 4.06 3.57 12.0%
Residential/Developed 3.85 3.38 12.0%
St'Jbsurface Wastewater Treatment and 214 214 0.0%
Disposal N

Bozeman Fish Tech Center [pesaiy T 0.78 0.78 0.0%
Total )} 2137 20.14 5.8%

* Based on a flow of 37.4 cfs

S\Q\,,.Q W QDG XNk ity X, U)\\UL\S M\L MS'—‘ Wl)\q,
6.6.3.2 East Gallatin River, City of Bozeman WRF

The city of Bozeman Water Reclamation Facility (WRF) completed an extensive upgrade in fall 2011, in
addition to a smaller upgrade completed in November 2007. As part of this upgrade the outfall was
moved several hundred feet upstream and closer to the physical location of the treatment facility.
Because the plant is the most significant nutrient point source on the middle and lower segments of East
Gallatin River, data collected downstream of the WRF discharge before October 2011 were reviewed.
Using discharge data collected on the mainstem of the East Gallatin River and numerous tributaries,
mass balance equations were used to reduce load estimates to reflect the upgrades to the WRF. Loads
were reduced using the primary assumption that since October 1, 2011, the WRF is able to treat
wastewater to 5 mg/L TN and 0.5 mg/L TP. Data from the discharge monitoring report (DMR) is available
since 2006. Compared with the long-term, 30-day daily average concentrations and discharge from the
facility, the recently completed plant upgrade equates to a 71.7% reduction in TN loading for data
collected before November 2007 and a 54% reduction in TN for data collected after November 2007 and
before October 2011. For TP, the recent upgrade translates to an 86% reduction in TP for data collected
before November 2007 and 81.5% reduction for data collected after November 2007 and before
October 2011. These estimates were based on the 80th percentile of the DMR data for those time
periods and the current treatment limits of the facility. The DMR data was used to calculate the 30-day
average daily TN and TP loads to the East Gallatin River. The long-term average discharge from the
facility is 5.87 million gallons per day (MGD) (9.10 cfs), which was used to determine the average loading
from the WRF at effluent concentrations of 5 mg/L TN and 0.5 mg/L TP.

Significant irrigation diversions on the East Gallatin River transport water to two impaired waterbodies
addressed in this document. Buster Gulch diverts flow from the East Gallatin River about 2.8 miles
downstream of the WRF discharge. Buster Gulch flows 6.2 miles to the lower segment of Hyalite Creek
north of Airport Road about 1.5 miles upstream of where Hyalite Creek flows into the East Gallatin River.
Approximately 9 miles downstream of the WRF discharge, the Dry Creek Irrigation Canal transports East
Gallatin water north to Smith Creek.

Table 6-42 summarizes the estimated load reductions to the existing nutrient loads on impaired
waterbodies receiving flows downstream of the Bozeman WRF. These estimates are independent of the
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load reductions needed to meet the TMDL. TP reductions from the Bozeman WRF upgrades were not
estimated for lower Hyalite Creek and Smith Creek because these stream segments are not currently
listed for TP impairments.

Table 6-42. Estimated decrease in nutrient loading by nutrient-impaired stream segment in the Lower
Gallatin TPA from fall 2011 Bozeman WRF upgrade

Nutrient impaired stream segments I Total Nitrogen reduction | Total Phosphorus reduction
East Gallatin River
Bridger Creek to Hyalite Creek 41% 77%
Hyalite Creek to Smith Creek 18% 35%
Smith Creek to Gallatin River 9% 18%
Tributaries to the East Gallatin River
Lower Hyalite Creek via Buster Gulch 13% ND
Smith Creek via Dry Creek Irrigation Canal 13% ND

ND - not determined; streams not currently listed for TP

6.6.3.3 East Gallatin, Middle Segment
The middle segment of the East Gallatin River has two different water quality standards for TN and TP
because of the Level IV ecoregion Absaroka-Gallatin-Volcanics in the headwaters of Hyalite Creek, which
flows into the East Gallatin River northeast of Belgrade. The TN and TP water quality criteria for the East
- Gallatin River below Bridger Canyon and above the confluence with Hyalite Creek is 0.3 mg/L TN and
0.03 mg/L TP. Below the Hyalite Creek confluence down to the Gallatin River, the targets are 0.29 mg/L
TN and 0.06 mg/L TP. For this reason TMDLs and percent-load reductions are different for the two
segments.

The WLA for Bozeman's WRF requires a reduction in TN and TP loading of 94% from current discharge

loads into the East Gallatin River (Figure 6-6). This reduction in loading, in addition to allowing a 0% ot

reduction in natural background and SWTD, requires a 21% reduction in loading from all other nonpoint v ’)I

sources (LAs) for TN and a 14% reduction for TP in order to achieve the TMDLs (Table 6-43 and 6-44). \Po\!}(,/ﬁ"( Nu-}
e

Table 6-43. TN Allocations and TMDL for middle segment of the East Gallatin River below Bridger

Creek and above Hyalite Creek psv "M\L '
Source Existing Load LA WLA TMDL % w
(Ibs/day)* {Ibs/day) | (Ibs/day) | (Ibs/day) | Reduction
Natural Background 18.36 18.36 0.0%
Forest 3.73 2.95 7 20.8%
Agriculture 47.63 37.73 \ 20.8%
Residential/Developed 59.61 47.21 \20.8%
Subsurface Wastewater Treatment and Disposal 15.70 15.70 0.0%
City of Bozeman WRF_ /[ pesmit 8 ) 138.66 ( 8.32%* ] 94.0%
USFWS Fish Tech Center|{ " 0.78 Y 078 0.0%
Total 266.11 / 131.01 50.8%

* Based on a flow of 60.7 cfs; ** Through May 2012 average tréatment p€rformance value for the WRF since the
2011 upgrade = 5.4 mg/L TN (current limit of technology = 4.0 nig/L 1)

/’
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Table 6-44. TP Allocations and TMDL for middle segment of the East Gallatin River below Bridger

Creek and above Hyalite Creek

Source Existing Load LA WLA TMOL %
(Ibs/day)* (bs/day) | (Ibs/day) | (lbs/day) | Reduction
Natural Background 0.60 0.60 0.0%
Forest 0.37 3.14 0.0%
Agriculture 1.07 2.62 0.0%
Residential/Developed 2.01 4.72 13.9%
Subsurface Wastewater Treatment and Disposal 0.97 0.97 0.0%
City of Bozeman WRF 17.43 1.05** 94.0%
Total 21.85 13.10 40.0%

* Based on a flow of 60.7 cfs; ** Through May 2012 average treatment performance value for the WRF since the
2011 upgrade = 0.86 mg/L TN (current limit of technology = 0.07 mg/LTN)

In the middle segment of the East Gallatin River below the Hyalite Creek confluence and above the

Smith Creek confluence, the WLA for Bozeman’s W

background) requires an 81% reduction in loading from all forest, agriculture,

RF (in addition to allowing a 0% reduction in natural
and residential/developed

area nonpoint sources (LAs) for TN; a 35.3% reduction from agriculture and residential/developed areas
for TP is required in order to achieve the TMDLs (Table 6-45 and 6-46). The Hyalite Creek watershed is

the primary source of TN in this reach.

Table 6-45. TN Allocations and TMDL for middle segment of the East Gallatin River below Hyalite

Creek and above Smith Creek

Source Existing Load LA WLA TMDL %
(Ibs/day)* (lbs/day) | (Ibs/day) | (lbs/day) | Reduction

Natural Background 31.20 31.20 0.0%
Forest 33.64 6.40 /B1.0%
Agriculture 197.59 37.58 [ 81.0%
Residential/Developed 25.69 4.89 \ 810%"
Subsurface Wastewater Treatment and Disposal 96.65 96.65 0.0%
City of Bozeman WRF ~2573% 15.44** 94.0%
USFWS Fish Tech Center T 0.78 0.78 0.0%
Total 611.72 192.93 68.5%

*Based on flow of 123.7 cfs; ** Through May 2012 average treatment performance value for the WRF since the
2011 upgrade = 5.4 mg/L TN (current limit of technology = 4.0 mg/L TN)

Table 6-46. TP Allocations and TMDL for middle segment of the East Gallatin River below Hyalite Creek

and above Smith Creek

Source Existing Load LA WIA | TMDL %
(ibs/day)* (Ibs/day) | (lbs/day) | (lbs/day) | Reduction

Natural Background 21.66 21.66 0.0%
Forest 0.00 0.00 0.0%
Agriculture 10.21 6.60 35.3%
Residential/Developed 8.05 5.20 35.3%
Subsurface Wastewater Treatment and Disposal 4.08 4,08 0.0%
City of Bozeman WRF ' <39.55) 2.37%* 94.0%
Total 6189 \ 39.92 35.5%

*Based on flow of 123.7 cfs; ** Through May 2012 average treafment performance value for the WRF since the
2011 upgrade = 0.86 mg/L TN (current limit of technology = 0.04 mg/L TN)
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6.6.3.4 East Gallatin River, Lower Segment
The lower segment of the East Gallatin River has a different water quality standard for TN because of
the Level IV ecoregion Absaroka-Gallatin-Volcanics in the headwaters of Hyalite Creek, which flows into
the East Gallatin River northeast of Belgrade. Water quality targets for the East Gallatin River below
Hyalite Creek downstream to the Gallatin River are 0.29 mg/L TN and 0.06 mg/L TP. The WLA for the
Bozeman WRF (in addition to allowing a 0% reduction in natural background and SWTD) requires a 62%

tedurctsons \

Aeccesdiake Acduicttons.

reduction in loading from all other nonpoint sources (LAs) for TN. (Table 6-47). The lower segment of

the East Gallatin River is currently meeting the TMDL for TP (Table 6-48). There were a few water quality
exceedances on this segment, but at the 80th percentile of flow and load, the segment is meeting the
TMDL. The WLA for the Bozeman WRF still applies to this segment and will reduce the existing TP load.

Table 6-47. TN Allocations and TMDL for lower segment of the East Gallatin River below Smith Creek
downstream to the confluence with the Gallatin River

Source Existing Load LA WLA TMDL %
{lbs/day)* (lbs/day) | (Ibs/day) | (Ibs/day) | Reduction
Natural Background 22.30 22.30 0.0%
Forest 44.60 16.86 62.2%
Agriculture 680.14 257.13 62.2%
Residential/Developed 89.20 33.72 62.2%
Subsurface Wastewater Treatment and Disposal 100.35 100.35 0.0%
City of Bozeman WRF 0.70 ) ! 12.04*+ 94.0%
Total 111798 442.40 60.3%

*Based on flow of 290.4 cfs; ** Through May 2012 average treatment performance value for the WRF since the
2011 upgrade = 5.4 mg/L TN (current limit of technology = 4.0 mg/L TN)

Table 6-48. TP Allocations and TMDL for lower segment of the East Gallatin River below Smith Creek
and above the confluence with the Gallatin River

Source Existing Load LA WLA TMDL %
{lbs/day)* (Ibs/day) | (Ibs/day) | (Ibs/day) | Reduction
Natural Background 10.39 10.39 0.0%
Forest 4.33 6.08 0.0%
Agriculture 35.49 49.84 0.0%
Residential/Developed 11.25 15.80 0.0%
Subsurface Wastewater Treatment and Disposal ,7& 7.79 0.0%
City of Bozeman WRF ( 27707 1.66** 94.0%
Total ~—86.55 91.53 0.0%

*Based on flow-of 290.4 cfs; ** Through May 2012 average treatment performance value for the WRF since the
2011 upgrade = 0.86 mg/L TN (current limit of technology = 0.07 mg/L TN)

6.6.3.5 Lower Hyalite Creek

(76%) and the East Gallatin River (24%
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SBuster Gulch diverts flow at a headgate on the East Gallatin

There are two main source areas of nu,gients on Lower Hyalite Creek: the Hyalite Creek watershed
)

River downstream of the Bozeman WR

discharge. Because the middle segment of the East Gallatin

River has a TMDL for TN, that portion of the load to Hyalite Creek coming from the East Gallatin River

will be addressed in a separate TMDL.

If the East Gallatin River TMDL is achieved, a further reduction is necessary in the Hyalite Creek

watershed to meet the lower Hyalite TMDL for TN. If the load from SWTD is not reduced, other nonpoint
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sources would have to be reduced drastically to meet the TMDL. Table 6-49 identified the existing load
and the necessary reduction from all sources. These reductions need to come equally from the two main
nonpoint source categories in the basin: agriculture (cropping and pasture/rangeland) and residential
(developed lands and subsurface wastewater treatment and disposal). Additional study is likely needed
to determine the appropriate strategies for reducing the TN loading from these sources, in particular for
subsurface wastewater treatment and disposal. If the basin continues to be developed, long-term
planning is needed for subsurface wastewater treatment and disposal as this load increases with the
increase in houses and loss of agriculture. In Lower Hyalite Creek, if no reductions of TN loading from
subsurface wastewater treatment and disposal is required, all other nonpoint sources will need to be

reduced 99% to meet the TMDL. Any increase in SWTD loading would require further reductions in other

nonpoint TN sources. Therefore, SWTD loading to Hyalite Creek should be limited pending further
investigation into the timing and delivery of SWTD loads to Hyalite Creek. For this TMDL, the 0%
reduction LA for SWTD load can be interpreted as a 0% increase in this load through time.

It is important to note that chronic dewatering of Hyalite Creek below the forest boundary decreases
dilution and exacerbates the effects of nonpoint source nutrient additions. Montana FWP identifies
Hyalite Creek below the forest boundary as chronically dewatered (i.e., in almost all years, dewatering is
a significant problem).

Because the East Gallatin flow is transported by an irrigation canal, a WLA is not assigned to the lower
Hyalite Creek TMDL for TN. The influx of East Gallatin water into lower Hyalite Creek does create a
loading issue between the Buster Gulch confluence with Hyalite Creek and where Hyalite Creek flows
into the East Gallatin River. The East Gallatin TMDL between Bridger Creek and Hyalite Creek has a TN

water quality,of 0.30 mg/L;'sE% than the TN target in lower Hyalite Creek (0.26 mg/L). This difference e
is due to the Eb’E réka-Galla %TCB\I?ICS Level IV ecoregion in the Hyalite Creek drainage.
Table 6-49. TN Allocations and TMDL for Lower Hyalite Creek.
Existing Load LA TMDL

Source (Ibs/day)* (Ibs/day) | (lbs/day) % Reduction
Natural Background 22.33 22.33 0.0%
Forest 6.70 6.70 0.0%
Agriculture 81.32 22.38 72.5%
Residential/Developed 22.46 6.18 72.5%
Subsurface Wastewater Treatment and Disposal 29.06 29.06 /K\ 0.0%
Total 161.90 (%S | (9266 / 46.5% %
*Based on flow of 66.2 cfs 3 M N

pec
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There are three main sources of nutrients on Smith Creek: the Smith Creek watershed below the
confluence of Reese Creek and Ross Creeks/Dry Creek Irrigation Canal (39.7%), the Ross Creek
watershed (22.5%), and the East Gallatin River (37.8%). The Dry Creek Irrigation Canal diverts sigﬂm_c_g_ng_
flow on the East Gallatin River approximately 4 miles downstream of the Hyalite Creek confluence and 9
miles downstream of the Bozeman WRF discharge point. Because the middle segment of the East
Gallatin River has a TMDL for TN, that portion of the load to Smith Creek coming from the East Gallatin
River will be addressed in a separate TMDL. Tables 6-50 and 6-51 identify the existing nutrient loads and
the necessary reductions from all sources to meet the TMDL.
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The Dry Creek Irrigation Canal flows northward from the East Gallatin River and intersects Ross Creek
(Figure 6-18). At this point, flows from the canal and Ross Creek continue northward in the same
channel. Ross Creek originally continued northeastward to its confluence with Smith Creek but is now
channelized along a private road to where it meets Reese Creek. At this intersection of flow, Ross
Creek/Dry Creek Irrigation Canal flow from the south and join Reese Creek from the east. The Dry Creek
Irrigation Canal continues northward. The confluence marks the start of Smith Creek, which flows
westward to the East Gallatin River. Because there is no headgate or diversion that separates flows at
this intersection, water quality analyses assumed that during the summer period Reese Creek flows are
forced into the Dry Creek Irrigation Canal, which flows northward with a mix of Ross Creek, Reese Creek,
and East Gallatin River flows. Smith Creek flows westward with a mixture of Ross Creek and East Gallatin
River flow. Under this assumption, the Reese Creek watershed is not a source of nutrient impairments
on Smith Creek during the summer period when the irrigation canal is flowing.

Smith Creek begins'at confluence’of,
Reese Creek and <=

o® Ross Creek/Dry Creek:Irrigation Canal
g

; . -.I.‘ ’ 4 L A ‘,- ’!“
ST ___,..7,)‘ ﬂ.\\\ :

AN

X

'Abandoned

Ross Creek channel

Ross Creek joins

Dry,Creek Irrigation Canal

Flow Direction: ; e

Dry Creek Irrigation Canal - northward § Ross Creek

Natural waterbodies - westward 025

W

Figure 6-18. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrigation Canal

If the East Gallatin River TMDL is achieved, a further reduction of 58% is necessary in the Smith Creek
watershed to meet the TMDL for TN. Allowing a 0% reduction in natural background and SWTD, forest
and agricultural sources need to be reduced 60% to meet the TMDL for TN. Under the same scenario,
the TMDL for NO3+NO, would require an additional reduction of 85%. Allowing a 0% reduction in natural
background and SWTD, forest and agricultural sources need to be reduced 86% to meet the TMDL for
NO;+NO,. Differences in necessary reductions are because the NO;+NO, target value (0.1 mg/L) is much
lower than the TN target value (0.3 mg/L).

Because East Gallatin flow is transported by an irrigation canal, a WLA is not assigned to the Smith Creek
TMDL NO3+NO,.
s for TN nor NO3;+NO, e L.AS

\Samﬁ Gt s lowe HYA,(H-:. fe' :noofpom-\ion
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Table 6-50. TN Allocations and TMDL for Smith Creek

Existing Load LA TMDL "
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 4.79 4.79 0.0%
Forest 10.14 4.03 60.3%
Agriculture 145.41 57.72 60.3%
Residential/Developed 0.00 0.00 0.0%
Subsurface Wastewater Treatment and Disposal 1.41 141 0.0%
Total 161.78 67.95 58.0%
*Based on flow of 50.2 cfs
Table 6-51. NO;+NO, Allocations and TMDL for Smith Creek
Existing Load LA TMDL R
Source (Ibs /dgay)"‘ (Ibs/day) | (Ibs/day) % Reduction
Natural Background 1.16 1.16 0.0%
Forest 12.56 1.70 86.4%
Agriculture 133.57 18.12 86.4%
Residential/Developed 0.00 0.00 0.0%
Subsurface Wastewater Treatment and Disposal 1.29 1.29 0.0%
Total 148.41 22.26 85.0%

*Based on flow of 50.2 cfs

6.6.3.7 Bear Creek

For the entire assessment unit, Bear Creek is currently meeting the TMDL for TP (Table 6-52). It has not

been delisted because it has not met the minimum sample size necessary for a full assessment.
However, there were a few exceedances of the water quality target above the forest boundary. An
cessary to

analysis of the limited data above the forest boundary found that ar
meet the TMDL for TP. Water quality exceedances are likely event-driven, which delivers or re-suspends u)
sediment in the channel. Fine-grained erosive soils in the canyon are at a higher risk of reaching the

d

uction of

VoM

15

W

“W
stream channel. \MY\\L" \’ s 0m§
- W w
Table 6-52. TP Allocations and TMDL for Bear Creek \5
Source Existing Load LA TMDL [, oo ction Y

{lbs/day)* (lbs/day) | (lbs/day) Qs
Natural Background 0.18 0.21 0.0%
Forest 0.28 0.32 0.0%
Agriculture 0.07 0.08 0.0%
Residential/Developed 0.01 0.01 0.0%
Subsurface Wastewater Treatment and Disposal 0.03 0.03 0.0%
Total 0.57 0.65 0.0%

*Based on flow of 3.5 cfs

6.6.3.8 Bozeman Creek

To meet the TMDL in Bozeman Creek, the TN load must be reduced by 66% from load allocations other
than natural background and SWTD, which both have a 0% reduction (Table 6-53). Tributaries to
Bozeman Creek, Matthew Bird Creek, and Nash Spring Creek contribute large TN loads to the stream.
Bozeman Creek has several different sources of TN, including agriculture (24%), development (29%), and
loading from subsurface wastewater disposal and treatment systems (19%). Additional study is likely
needed to determine the appropriate strategies for reducing the TN loading from these sources, in
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particular for subsurface wastewater treatment and disposal. If the basin continues to be developed for

residences, long-term planning is needed for subsurface wastewater treatment and disposal as this load

increases with the increase in houses and loss of agriculture. In Bozeman Creek, if no reductions of TN

loading from subsurface wastewater treatment and disposal is required, all other nonpoint sources will
Q;?-*\R’ need to be reduced 72% to meet the TMDL. Note that unlike all gther stream allocations, there is a 10%
reduction for the subsurface wastewater treatment and disposal| This reduction over time is considered
practical given the ability to retire existing septic systems by providing sewer connection to the
Bozeman WRF through time. Although for some septic systems this could increase loading to the East
Gallatin River based on nutrient treatment from the septic system versus existing WRF treatment, the
fact that the WRF WLA is ultimately set to obtain standards at the discharge location (Section 6.6.1.1)
means that this approach will ultimately decrease TN (nitrate) loading to Bozeman Creek while still
eventually satisfying all TMDL requirements once phased implementation of the Bozeman WRF WLA is
complete. In addition to sewer connections, other septic load reduction options in addition to or instead
of sewer hookup. For example, another septic load reductio option can include Level 2 treatment
system requirements for new or replacement septic systems%

Table 6-53. TN Allocations and TMDL for Bozeman Creek.

Existing Load LA TMDL
Source

T {lbs/day)* (Ibs/day) | (Ibs/day) % Reduction
/Natural Background 12.81 12.81 0.0%

Forest 2.29 2.29 0.0%
Ve Agriculture / 30.65 9.60 68.7%
Residential/Developed 45.64 14.29 68.7%

S Subsurface Wastewater Treatment and Disposal 22.99 20.69 10.0%
Tolal — 114.38 59.66 48.0%

&OV‘\{/ * Based on a flow of 41.1 ¢fs L’ . .
Wk abauk M urtan” (see F4.0)
sy 6-6-3.9 Camp Creek Ly wwat alos ol m Mgy 27 2
Prgqb“ Because natural background and SWTD have 0% load reductions, other TN sources will need to be
F reduced 55% to achieve the TMDL (Table 6-54). The basin is dominated by irrigated and dryland
cropping, although the data do suggest subsurface wastewater treatment and disposal are contributing
a TN load. Elevated nitrogen in the form of nitrate in groundwater is likely the result of irrigated
agriculture combined with fertilizer transport. Dryland farming in the upper reaches is contributing
nitrate to the stream as well as soil nitrogen, since a large increase in load was observed where dryland
cropping transitioned to irrigated agriculture. The TMDL for TP requires a reduction of 51% since natural

background comprises 30% of the existing load (Table 6-55). Existing data suggest this is a spring-fed
system augmented by irrigat_io_n_ return- :

The Amsterdam-Churchill WWTP is leaking about 85,000 gpd to groundwater relatively close to the
creek. Improving the load from the Amsterdam-Churchill WWTP to design standards could decrease t
needed TN reduction by 19% and the TP reduction by 7%.

L; '\/\'\:& = \f\.ucv\ \J\N\d e b onek Cu-Q‘\'uch
e Taldes 654 Yo G-55 7
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Table 6-54. TN Allocations and TMDL for Camp Creek

Existing Load LA TMDL
Source (Ibs/day)* (lbs/day) | (Ibs/day) % Reduction
Natural Background 15.26 15.26 0.0%
Forest 0.00 0.00 0.0%
Agriculture 66.12 29.53 55.3%
Residential/Developed 10.17 4.54 55.3%
Subsurface Wastewater Treatment and Disposal 10.17 10.17 0.0%
Total 101.73 60.57 40.0%
*Basedon a flow of 17.3 efs~y o
G

Table 6-55. TP Allocations and TMDL for Camp Creek

Existing Load LA TMDL .

Source (Ibs/day)* (Ibs/day) | (bs/day) % Reduction
Natural Background 1.97 197 0.0%
Forest 0.00 0.00 0.0%
Agriculture 3.81 1.87 50.9%
Residential/Developed 0.46 0.23 50.9%
Subsurface Wastewater Treatment and Disposal 0.33 0.33 0.0%
Total 6.57 4.39 33.0%
* Based on a flow of 17.3 cfs\5 >
> v

6.6.3.10 Dry Creek

The TMDL for TN for Dry Creek identified the Pass Creek drainage as the most significant source of TN
TNy (Table 6-56). This is attributed to the crop fallow and irrigated agriculture in that catchment as well as to

Table 6-56. TN Allocations and TMDL for Dry Creek

the natural background/forest load from the Bridger Range. Influence of agriculture is supported by
limited groundwater quality data in the basin. A total reduction from all nonpoint sources of 58% is
needed to achieve the TMDL for TN, allowing for a 0% reduction in natural background and SWTD.

Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction

Natural Background 5.47 5.47 0.0%
Forest 1.56 0.66 57.7%
Agriculture 28.91 12.22 57.7%
Residential/Developed 0.39 0.17 57.7%
Subsurface Wastewater Treatment and Disposal 2.73 2.73 0.0%
Total 39.07 21.23 47.0%

* Based on a flow of 11.0 cfs

Based on limited sampling data, Dry Creek is currently meeting the TMDL for TP, since there have been
no exceedances of the water quality standard (Table 6-57). The stream has remained listed for a TP
impairment because it has not met the minimum sample size required to conduct a full assessment.
Also, there is no biological data available for the stream. While no reduction is required, efforts should

be made@ increase the TP load.
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Table 6-57. TP Allocations and TMDL for Dry Creek

Source Existing Load LA TMDL % Reduction
(Ibs/day)* {Ibs/day) | (Ibs/day)
Natural Background 0.59 1.02 0.0%
Forest 0.02 0.04 0.0%
Agriculture 0.48 0.83 0.0%
Residential/Developed 0.11 0.19 0.0%
Subsurface Wastewater Treatment and Disposal 0.02 0.04 0.0%
Total 1.22 212 0.0%

* Based on a flow of 11.0 cfs \)Q/*o\\i’j‘r

6.6.3.11 East Gallatin River, Upper Segment

Because of the Level IV ecoregion Absaroka-Gallatin-Volcanics in the headwaters of Bozeman Creek, the
TN water quality criteria for the segment of the Upper East Gallatin River above the confluence with
Bozeman Creek is 0.30 mg/L; below it is 0.27 mg/L. For TP, the target above the Bozeman Creek
confluence is 0.03 mg/L; below it is 0.05 mg/L. For this reason TMDLs and percent-load reductions are
different for the two segments.

For both TN and TP, the TMDLs are currently being met above the Bozeman Creek confluence, and the
nutrient-impaired reach is limited to the segment of the upper East Gallatin River between the Bozeman
Creek confluence and the Bridger Creek confluence (Tables 6-58 and 6-59).

Table 6-58. TN Allocations and TMDL for upper segment of East Gallatin River above the confluence

with Bozeman Creek

Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 14.71 19.97 0.0%
Forest 0.63 0.85 0.0%
Agriculture 9.07 12.32 0.0%
Residential/Developed 4.07 5.52 0.0%
Subsurface Wastewater Treatment and Disposal 2.82 3.82 0.0%
Total 31.29 42,49 0.0%
* Based on a flow of 26.3 cfs |
—_— M\\»”"

Table 6-59. TP Allocations and TMDL for upper segment of East Gallatin River above the confluence

with Bozeman Creek

Existing Load LA TMDL .

Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 0.80 0.98 0.0%
Forest 1.08 1.32 0.0%
Agriculture 1.28 1.57 0.0%
Residential/Developed 0.21 0.26 0.0%
Subsurface Wastewater Treatment and Disposal 0.10 0.13 0.0%
Total 3.47 4.25 0.0%
* Based on a flow of 26.3 cfs

\

SO

Allowing a 0% reduction in natural background and SWTD, a 53% reduction in TN is necessary to achieve
the TMDL in the East Gallatin River between the Bozeman Creek confluence and the Bridger Creek
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confluence (Table 6-60). Because the Bozeman Creek watershed is the primary source of TN to this
segment, if Bozeman Creek achieves its TM DL for TN, the TMDL for TN in this segment will be met as

well.

Table 6-60. TN Allocations and TMDL for upper segment of East Gallatin River below the confluence

with Bozeman Creek and above Bridger Creek

Existing Load LA TMDL
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 24.26 24.26 0.0%
Forest 3.31 1.56 53.0%
Agriculture 29.78 14.00 53.0%
Residential/Developed 34.19 16.07 53.0%
Subsurface Wastewater Treatment and Disposal 18.75 18.75 0.0%
Total 110.29 84.99 23.0%
* Based on a flow of 55.8 cfs
ag [resictacal
To achieve the TMDL for TP in this segment of the upper East Gallatin River, th(‘r P load must be

reduced by 50%, allowing a 0% reduction in the natural background and SWTD (Table 6-61). The primary

N,,»( source is the Bozeman Creek watershed, based on limited samples.
¢
420’ N~ »®  Table 6-61. TP Allocations and TMDL for upper segment of East Gallatin River below the confluence
with Bozeman Creek and above Bridger Creek
Existing Load LA TMDL

Source (Ibs /:av),, (lbs/day) | (Ibs/day) % Reduction
Natural Background 3.36 3.36 0.0%
Forest 1.68 0.84 50.3%
Agriculture 3.36 1.67 50.3%
Residential/Developed 9.25 4.60 50.3%
Subsurface Wastewater Treatment and Disposal 3.36 3.36 0.0%
Total 21.02 15.37 27.0%
* Based on a W
6.6.3.12 Godfrey Creek
Based on water quality data, Godfrey Creek is most heavily impaired for nutrients in the upper portion
of the watershed. Water quality improves downstream of Churchill, MT. Multiple irrigation diversions
and returns and agricultural land uses, combined with marginal or nonexistent riparian buffers along the
stream corridor, are the main sources of nutrient impairment in Godfrey Creek. Allowing a 0% reduction
of natural background and SWTD loads, the TN load needs to be reduced 87% and the TP load by 40% to

2 achieve the TMDL (Table 6-62 and 6-63). Existing data suggest this is a spring-fed system augmented by
/ irrigation return flows.
I\Mie‘ Available groundwater data in the basin has elevated nitrogen and phosphorus concentrations,
'(Gll;( suggesting groundwater in addition to overland runoff are modes of nutrient deposition to the stream.
N
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Table 6-62. TN Allocations and TMDL for Godfrey Creek x®

Existing Load LA TMDL .

Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction §
Natural Background 1.68 1.68 0.0%
Forest 0.00 0.00 0.0% g U\
Agriculture 30.90 3.93 87.3%
Residential/Developed 0.34 0.04 87.3% ‘% S‘
Subsurface Wastewater Treatment and Disposal 0.67 0.67 0.0% N S
Total 33.59 6.31 81.0% %
* Based on a flow of 3,4 cfs g
Table 6-63. TP Allocations and TMDL for Godfrey Creek § <
Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction 3— \;I
Natural Background 0.18 0.18 0.0% NN
Forest 0.00 0.00 0.0% ‘ g\ +
Agriculture 0.67 0.41 39.5% N
Residential/Developed 0.04 0.02 39.5%
Subsurface Wastewater Treatment and Disposal 0.02 0.02 0.0%
Total 0.91 0.63 31.0%
* Based on a flow of 3.4 cfs
SN———

6.6.3.13 Jackson Creek

The Level IV ecoregion Absaroka-Gallatin-Volcanics encompasses most of the Jackson Creek drainage.
Therefore, the water quality target for TP in Jackson Creek is 0.105 mg/L. Based on limited sampling
data, Jackson Creek is currently meeting the TMDL for TP, since there have been no exceedances of the
water quality standard (Table 6-64). The stream has remained listed for a TP impairment because it has
not met the minimum sample size required to conduct a full assessment. Also there is limited biological
data available for the stream.

There are few human sources along the stream, and the data suggest that most of the load originates
above the forest boundary. In the last 10 years, the Forest Service has made extensive road closures in
the drainage. While no reduction is required, efforts should be mad@increase the TP load.

Table 6-64. TP Allocations and TMDL for Jackson Creek

Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 0.03 0.21 0.0%
Forest 0.03 0.20 0.0%
Agriculture 0.16 1.01 0.0%
Residential/Developed 0.03 0.18 0.0%
Subsurface Wastewater Treatment and Disposal 0.01 0.03 0.0%
Total 0.26 1.63 0.0%

* Based on a flow of 2.3 cfs

6.6.3.14 Mandeville Creek
Mandeville Creek receives flows from Farmers Canal in the lower reaches of Mandeville Creek, where
the canal terminates. This creates two different sources of impairment for the creek, including nutrient
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loading from lands that lie outside of the Mandeville Creek basin but which flow to the Farmers Canal.
Farmers Canal diverts flow from the Gallatin River. Primary sources include residential development and
agriculture. Allowing a 0% reduction of natural background and SWTD, the TN load needs to be reduced
88% and the TP load by 84% from agriculture and residential/developed area nonpoint sources to
achieve the TMDL (Table 6-65 and 6-66). Existing data suggest this is a spring-fed system augmented by

irrigation return flows.

Table 6-65. TN Allocations and TMDL for Mandeville Creek

Existing Load

LA

TMDL

Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 1.16 1.16 0.0%
Forest 0.00 0.00 0.0%
Agriculture 10.21 1.18 88.4%
Residential/Developed 7.52 0.87 88.4%
Subsurface Wastewater Treatment and Disposal 0.39 0.39 0.0%
Total 19.27 3.61 81.0%
* Based on a flow of 2.2 cfs
Table 6-66. TP Allocations and TMDL for Mandeville Creek

Existing Load LA TMDL .

Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 0.12 0.12 0.0%
Forest 0.00 0.00 0.0%
Agriculture 0.70 0.11 84.2%
Residential/Developed ) 0.69 0.11 84.2%
Subsurface Wastewater Treatment and Disposal 0.02 0.02 0.0%
Total 1.53 0.36 76.0%

* Based on a flow of 2.2 cfs
e gt

6.6.3.15 Reese Creek

Agriculture is the dominant land use in the Reese Creek watershed, but there is a large nitrogen load
from above the forest boundary in the Bridger Range: It was not possible to differentiate natural
background from forest land uses for this drainage. To achieve the TMDL for TN, a 67% reduction is
needed from forest, agriculture, and residential/developed area sources (Table 6-67). For the TMDL for
NO3+NO,, an 89% reduction in load is needed to meet the TMDL from those same sources (Table 6-68).
Existing data suggest this is a spring-fed system augmented by irrigation return flows.

Table 6-67. TN Allocations and TMDL for Reese Creek

Existing Load LA TMDL .

Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction
Natural Background 2.16 2.16 0.0%
Forest 4.41 1.47 66.6%
Agriculture 17.30 5.78 66.6%
Residential/Developed 0.27 0.09 66.6%
Subsurface Wastewater Treatment and Disposal 2.97 2.97 0.0%
Total 27.04 12.48 53.9%
* Based on a flow of 7.7 cfs
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Table 6-68. NO;+NO, Allocations and TMDL for Reese Creek

Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction

Natural Background 0.36 0.36 0.0%
Forest 3.95 0.42 89.4%
Agriculture 16.61 1.77 89.4%
Residential/Developed 0.23 0.02 89.4%
Subsurface Wastewater Treatment and Disposal 1.59 1.59 0.0%
Total 22.76 4.16 81.7%

* Based on a flow of 7.7 cfs

6.6.3.16 Thompson Creek

Thompson Creek is a spring creek that lies in a large groundwater discharge area in the Lower Gallatin

watershed. In order to meet the TMDL for TN, a load reduction of 73% is needed:

Alowine a0 — -

allowing a 0%

reduction for natural background and SWTD. Because Thompson Creek is a groundwater-fed system,
many of the load reductions necessary to achieve the TMDL should occur as part of other TMDL efforts,

such as in lower Hyalite Creek.

Table 6-69. TN Allocations and TMDL for Thompson Creek

mﬂh

a.j/(d.

Existing Load LA TMDL .
Source (Ibs/day)* (Ibs/day) | (Ibs/day) % Reduction

Natural Background 10.37 10.37 0.0%
Forest 0.00 0.00 0.0%
| Agriculture 77.27 20.68 73.2%
Residential/Developed 4.71 1.26 73.2%
Subsurface Wastewater Treatment and Disposal 1.88 1.88 0.0%
Total 94.23 34.18 63.7%

* Based on a flow of 21.1 cfs

6.6.4 Seasonality, Margin of Safety, and Uncertainty and Adaptive Management
TMDL documents must consider the seasonal variability, or seasonality, on water quality impairment
conditions, maximum allowable pollutant loads in a stream (TMDLs), and load allocations. TMDL
development must also incorporate a margin of safety to account for uncertainties between pollutant
sources and the quality of the receiving waterbody, as well as to ensure (to the degree practicable) the
TMDL components and requirements sufficiently protect water quality and beneficial uses. This section
describes seasonality and margin of safety in developing nutrient TMDLs for the Lower Gallatin

watershed.

6.6.4.1 Seasonality

Addressing seasonal variations is an important and required component of TMDL development, and
throughout this plan seasonality is an integral consideration. Water quality, and particularly nitrogen
concentrations, have seasonal cycles. Specific examples of how seasonality has been addressed within

this document:

* Water quality targets and subsequent allocations are applicable for the summertime growing
season (Julyl-Sept. 30) to coincide with seasonal algal growth targets.
¢ Nutrient data used to determine compliance with targets and to establish allowable loads was

collected during the summertime period to coincide with applicable nutrient targets.
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e Load duration curves were developed to demonstrate the typical seasonal flow regimes when
nutrients become a problem.

6.6.4.2 Margin of Safety

A margin of safety (MOS) is a required component of TMDL development. The MOS accounts for the
uncertainty about the pollutant loads and the quality of the receiving water and is intended to protect
beneficial uses in the face of this uncertainty. The MOS may be applied implicitly by using conservative
assumptions in the TMDL development process or explicitly by setting aside a portion of the allowable
loading (U.S. Environmental Protection Agency, 1999a).

This plan addresses MOS implicitly in a variety of ways. Static nutrient target values (i.e., 0.030 mg/L TP,
0.100 mg/L NO3+NO,, 0.300 mg/L TN in Middle Rockies Level IV ecoregion) were used to calculate
allowable loads (TMDLs). Allowable exceedances of nutrient targets (see Section 6.4.3) were not
incorporated into the calculation of allowable loads, thereby adding an MOS to established allocations.
Target values were developed to err on the conservative side of protecting beneficial uses. Seasonality
and variability in nutrient loading was also considered.

DEQ developed scenarios to be reasonable and achievable, and the scenarios estimate greater than
necessary reductions for nutrients in most streams. Loading reductions are shown for the growing
season when nutrient targets apply, but practices will be implemented year-round, resulting in even
greater reductions in nutrient loading. And finally, DEQ also used an adaptive management approach to
evaluate target attainment and to allow for refinement of load allocation, assumptions, and restoration
strategies to further reduce uncertainties associated with TMDL development.

6.6.4.3 Uncertainty and Adaptive Management

Uncertainties in the accuracy of field data, nutrient targets, source assessments, loading calculations,
and other considerations are inherent when assessing and evaluating environmental variables for TMDL
development. However, mitigation and reduction of uncertainties through an adaptive management
approaches is a key component of ongoing TMDL implementation and evaluation. The process of
adaptive management is predicated on the premise that TMDL targets, allocations, and the analyses
supporting them are not static but rather processes subject to modification and adjustment as new
information and relationships are understood. Uncertainty is inherent in both the water quality-based
and source area modes of assessing nutrient sources and needed reductions. The main sources of
uncertainty are summarized below.

Water Quality Conditions

DEQ assumed that sampling data for each waterbody segment represents conditions in each segment.
Most segments have less than the desired 12 samples, which increases the uncertainty of the
representativeness of the data. Exceptions to this were Bozeman Creek, Bridger Creek, lower Hyalite
Creek, and Mandeville Creek, where DEQ sampling efforts were significantly augmented with volunteer
stream monitoring by the Greater Gallatin Watershed Council. Additionally, all samples collected
downstream of Bozeman’s WRF were reassessed based on relative flow contributions from incoming
tributaries and the decrease in loading from the facility upgrade completed in October 2011.

Additionally, macroinvertebrate data are a supplementary indicator, and many waterbody segments
have little to no macroinvertebrate data. Particularly in situations where nutrient and algal data indicate
borderline impairment, additional macroinvertebrate data may help decrease the uncertainty. Data for
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most waterbody segments with a nutrient TMDL clearly indicated that targets are not being attained.
Exceptions to this include the TP impairments on Bear Creek, Dry Creek, the lower segment of the East
Gallatin River, and Jackson Creek. Future monitoring, as discussed in Section 10.0, should help reduce
the uncertainty of data representativeness, improve the understanding of the effectiveness of BMP
implementation, and increase the understanding of the loading reductions needed to meet the TMDLs.

DEQ assumed that background concentrations are less than the target values, and based on sample data
upstream of known sources, this appears to be true. However, it is possible that target values are
naturally exceeded during certain times or at certain locations in the watershed.

Source Assessment

One other area of uncertainty is the contribution from septic systems. Based on the age of septic
systems within the watershed, there are probably some failing systems. Depending on their proximity or
connectivity to surface water, they could be point sources of nutrient loading. However, a completely
failing system has obvious symptoms and will be addressed quickly. A partially failing system will likely
result in similar loading as a functioning system, unless it’s close to surface water.

This source could be investigated further, particularly in segments with nearby septic systems and
elevated nutrient concentrations that cannot be explained by other sources; however, based on the low
Ao septic density within the watershed and conservative loading estimates used, even with this uncertaint;,-
septic systems will typically be a minor source of nutrient loading. There are two notable exceptions: For
the TMDLs for TN on Bozeman Creek below the Limestone Creek confluence and Lower Hyalite Creek,
loading from subsurface wastewater treatment and disposal comprise a relatively large fraction of the
existing load. For these stream segments, DEQ recommends that long-term planning include the
consideration of stream health in designing future residential development and sanitary sewer
improvements and/or expansions in these areas.

Despite the uncertainty associated with the loading contributions from the various nonpoint sources in
the watershed, based on the modeling, literature, and field observations, there is a fairly high level of
certainty that improvements in land management practices discussed in this document will reduce
nutrient loading sufficiently to meet the TMDLs.
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7.0 - ESCHERICHIA coul (E. coLi)

This portion of the document focuses on Escherichia coli (E. coli) and fecal coliform as causes of water
quality impairments in the Lower Gallatin TPA. It addresses:
o Beneficial use impacts
Stream segments of concern
Water quality data sources
Water quality targets and comparison to existing conditions
E. coli source assessment
E. coli total maximum daily loads
E. coli source load allocations
Seasonality and margin of safety

7.1 IMPACTS TO BENEFICIAL USES

Elevated in-stream concentrations of pathogenic pollutants put humans at risk for contracting water-
borne ilinesses and can lead to impairments to a waterbody’s contact recreation beneficial use. E. coli
and fecal coliform are nonpathogenic indicator bacteria that are usually associated with pathogens
transmitted by fecal contamination. While their presence does not always prove or disprove the
presence of pathogenic bacteria, viruses, or protozoans, E. coli correlates highly with the presence of
fecal contamination (United States Environmental Protection Agency, 2001) and is an indicator that
other pathogenic bacteria are likely present. EPA recommends the use of E. coli as the preferred
indicator organism for pathogenic bacteria forms due to its strong correlation with swimming-related
gastroenteritis. Consequently, in 2006 Montana DEQ adopted E. coli water quality criteria (Table 7-3) for
the protection of recreational beneficial uses, replacing the previous fecal coliform water quality criteria.

. 7.2 STREAM SEGMENTS OF CONCERN
Five streams are listed as impaired for E. coli (Table 7-1) on the 2012 303(d) list.

Table 7-1. Waterbody segments in the Lower Gallatin TMDL Planning Area with bacteria pollutant
listings on the 2012 303(d) List

Waterbody Waterbody Segment ID Impairment Cause
Camp Creek MT41H002_010 Escherichia coli
Godfrey Creek MT41H002_020 Escherichia coli
Reese Creek MT41H003_070 Escherichia coli
Smith Creek MT41H003_060 Escherichia coli
Bozeman Creek MT41H003_040 Escherichia coli

Camp Creek, Godfrey Creek, Reese Creek and Smith Creek were listed as impaired due to fecal coliform
prior to adoption of E. coli water quality criteria in 2006. Water quality data (bacterial) collected prior to
2006 consists primarily of Fecal Streptococcus Group Bacteria (collected in 1976-77), which formed the
basis for fecal-coliform impairment listings on Camp, Godfrey, Reese and Smith Creeks. The E. coli
impairment listing on Bozeman Creek was based on E. coli data collected on Bozeman Creek in the
summer of 2004.
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7.3 WATER QUALITY DATA SOURCES

In order to evaluate attainment of the newly adopted E. coli water quality criteria, E. coli data was
collected by DEQ on all five streams multiple times during the summer of 2008 and 2009 (Figure 7-1).
This data (Table 7-2) forms the primary data set used for evaluation of E. coli water quality criteria,
source assessment and loading analyses in support of E. coli TMDL development.

Table 7-2. 2008-2009 E. coli data collection

Waterbody Number of E. coli Samples
Bozeman Creek 17

Camp Creek 15
Godfrey Creek 11

Smith Creek 7

Reese Creek 6
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7.4 E. coLl WATER QUALITY TARGETS AND COMPARISON TO EXISTING
CONDITIONS

TMDL water quality targets are numeric indicator values used to evaluate attainment of water quality
standards. The following section presents E. coli water quality targets, and compares those target values
to recently collected E. coli data. TMDLs are developed for those streams where data shows that £. coli
targets are not being met.

7.4.1 E. coli Water Quality Targets

The Montana in-stream numeric water quality criteria (the Standard) for Escherichia coli are adopted as
the E. coli target for streams in the Lower Gallatin TMDL Planning Area. The Montana E. coli standard for
B-1 waterbodies specifies:

The geometric mean number of E. coli may not exceed 126 cfu/100mL and 10% of the total
samples may not exceed 252 cfu/100mL during any 30-day period between April 1 through
October 31 [ARM 17.30.623 (2){i)] (Table 7-3). From November 1 through March 31, the
geometric mean number of E. coli may not exceed 630 cfu/100mL and 10% of the samples may
not exceed 1,260 cfu/100mL during any 30-day period [ARM 17.30.623 (2)(ii)]. The E. coli
bacteria standard is based on a minimum of five samples obtained during separate 24-hour
periods during any consecutive 30-day period that are analyzed by the most probable number
(MPN) or equivalent membrane filter method [ARM 17.30.620(2)]. The geometric mean is the
value obtained by taking the Nth root of the product of the measured values where values below
the detection limit are taken to be the detection limit [ARM 17.30.602(13)].

Table 7-3. Montana Water Quality Criteria for E. coli for B-1 Waterbodies

Applicable Geometric mean of 5 No more than 10%
PP Standard samples collected over | of the samples shall
Period .
a 30-day time period exceed:
The geometric mean number of E. coli may not
exceed 126 colony forming units per 100
Apr1- milliliters and 10% of the total samples may not
Oct31 N . samp ¥ <126 cfu/100mL 252 cfu/100mL
(“summer”) exceed 252 colony forming units per 100
milliliters during any 30-day period (ARM
17.30.623 (2){(i)).
The geometric mean number of E. coli may not
exceed 630 colony forming units per 100
Nov1 - milliliters and 10% of the samples may not
Mar 31 N ample v <630 cfu/100mL 1,260 cfu/100mL
(“winter”) exceed 1,260 colony forming units per 100
milliliters during any 30-day period (ARM
17.30.623 (2){ii)).

Evaluation of target compliance is done by comparing existing water quality conditions to the
established water quality target (in this case, the E. coli water quality criteria provided in Table 7-3).

TMDLs establish a maximum allowable daily pollutant load that will result in the attainment and
maintenance of water quality standards. In order to ensure that daily maximum allowable loads do not
result in an exceedance of the 30-day geometric mean E. coli criteria, values of 126 cfu/100ml and 630
cfu/100ml, are used for the calculation of seasonal E. coli TMDLs and allocations (Section 7.7).
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7.4.2 Existing Conditions and Comparison to Water Quality Targets

DEQ evaluated attainment of E. coli water quality targets for each stream segment of concern. Water
quality data was collected in both 2008 and 2009, however only E. coli results from 2008 are used to
evaluate attainment of E. coli targets; only the 2008 dataset met the criteria of a ‘minimum of five
samples obtained during separate 24-hour periods during any consecutive 30-day period.’ The results of
this target evaluation and a summary of E. coli data is provided below.

7.4.2.1 Bozeman Creek

The lower segment of Bozeman Creek flows 4.9 miles from the confluence with Limestone Creek to the
mouth (East Gallatin River). Bozeman Creek originates in the Gallatin Range and flows out of Sourdough
Canyon above the forest boundary. The total length of the stream is 14 miles from the confluence of
North Fork and South Fork to the mouth (East Gallatin River).The segment flows primarily through
residential and urban areas of the city of Bozeman although there are large acreages in agriculture in the
drainage between the forest boundary and the Limestone Creek confluence and in the headwaters of
tributaries that flow to Bozeman Creek including Nash Spring Creek and Matthew Bird Creek. E. coli
sources appear to be primarily related to residential and recreational land uses within the developed
lands within the city of Bozeman.

Bozeman Creek is listed as impaired for E. coli on the 2012 303(d) List based on E. coli water quality
results from sampling conducted in 2004. Additional E. coli water quality data was collected on Bozeman
Creek by DEQ in 2008 and 2009. E. coli results from the 2008 sampling effort were used to evaluate
attainment of the E. coli water quality standard (Table 7-3). Results of this waterbody evaluation for E.
coli are summarized in Table 7-4.

Table 7-4. Bozeman Creek E. coli target evaluation summary

Waterbody | Station Date E. coli Result | Geometric salr::sI:st GeoMean | Assessment
(cfu/100mL) Mean 2527 >126? Decision
SD01 8/20/08 308 E. coli
Bozeman GDO3 9/2/08 1730 criteria/
Creek GDO1 9/9/08 133 157 YES YES target
GDO3 9/15/08 1990 exceeded
GDO1 9/17/08 93

E. coli results on Bozeman Creek exceeded water quality targets. The geometric mean E. coli
concentration of 157 cfu/100ml exceeded the target value of 126 cfu/100ml, and >10% of samples were
>252 cfu/100ml.

7.4.2.2 Camp Creek

Camp Creek flows 29.6 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through
the town of Amsterdam to the mouth (Gallatin River) northeast of Manhattan. Land uses along Camp
Creek are primarily agricultural, with open rangeland in the upper reaches and livestock, hay, pasture
and small grain operations in its middle and lower reaches. Irrigation networks along Camp Creek
influence flow. Summer baseflow in Camp Creek are typically variable and range from 3 to 15 cfs in its
middle reaches near the town of Amsterdam. In its lower reaches, Camp Creek flows are significantly
augmented by groundwater and spring inputs from the Gallatin River floodplain.
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Camp Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal

Streptococcus water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009.
E. coli results from the 2008 sampling effort were used to evaluate compliance with the E. coli water
quality standard (Table 7-3). Results of this waterbody evaluation for E. coli are summarized in Table 7-

5.

Table 7-5. Camp Creek E. coli target evaluation summary

Waterbody Station Date E. coli Result Geometric ;?:;;’efs GeoMean > Assessment
(cfu/100mL) Mean > 2527 1267 Decision
CPO3 | 8/26/08 816 ,
GDO3 | 9/2/08 1730 E. coli
Camp Creek | GDO1 | 9/9/08 133 441 YES YES ‘:’te"‘:/
GD03 | 9/15/08 1990 ex::g;e J
GDO1 | 9/17/08 93

E. coli results on Camp Creek exceeded water quality targets. The geometric mean E. coli concentration
of 441cfu/100ml exceeded the target value of 126 cfu/100ml, and 80% of samples were >252

cfu/100ml.

7.4.2.3 Godfrey Creek
Godfrey Creek flows 9 miles from the headwaters on the Madison Plateau (Camp Creek Hills) through
the town of Churchill to the mouth where is flows into Moreland Ditch, an irrigation canal. Historic
alterations to Godfrey Creek’s watercourse and adjacent irrigation infrastructure have changed flow
patterns so that Godfrey Creek no longer maintains a natural channel in its lower reaches. Godfrey
Creek water is distributed to a series of irrigation ditches (Moreland Ditch, White Ditch, and Lewis Ditch)
which intersect Camp Creek north of Amsterdam. Summer baseflow in Godfrey Creek are typically less
than 5 cfs, but streamflows can be significantly influenced by irrigation withdrawals and returns
throughout the summer growing season.

Godfrey Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal

Streptococcus water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009.
E. coli results from this sampling effort were used to evaluate attainment of the E. coli criteria (Table 7-
3). Results of this waterbody evaluation for E. coli are summarized in Table 7-6.

Table 7-6. Godfrey Creek E. coli target evaluation summary

10% of
. E. coli Result Geometric GeoMean > Assessment
Waterbody | Station Date (cfu/100mL) Mean s:r::zh;s 126? Decision
GDO1 8/26/08 162 E coli
Godfre GDO3 9/2/08 1730 cri.t::,i;/
Creek” GDO1 | 9/9/08 133 370 YES YES tarrer
GDO3 | 9/15/08 1990 9
exceeded
GDO1 9/17/08 93

E. coli results on Godfrey Creek exceeded water quality targets. The geometric mean E. coli

concentration of 370cfu/100ml exceeded the target value of 126 cfu/100ml, and 40% of samples (2/5)
exceeded 252 cfu/100ml criteria.
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7.4.2.4 Reese Creek

Reese Creek flows 8.3 miles from the headwaters in the Bridger Range to the mouth (Smith Creek). it
flows through agricultural lands and rural residential areas to its confluence with Smith Creek upstream
of Dry Creek Road. Summer baseflow in Reese Creek are typically less than 10 cfs, but streamflows can
be influenced by irrigation withdrawals and returns throughout the summer growing season. E. coli
sources consist primarily of livestock, which have periodic access along the length of Reese Creek.

Reese is listed as impaired for Escherichia coli on the 2012 303(d) List based on Feca/ Streptococcus
water quality results from 1976-1977 and E. coli water quality data from 2008 and 2009. E. coJi results
from the 2008 sampling effort were used to evaluate attainment of the E. coli water quality standard
(Table 7-3). Results of this waterbody evaluation for E. coli are summarized in Table 7-7.

Table 7-7. Reese Creek E. coli target evaluation summary

Waterbod Station Date E. coli Result | Geometric s;?n% refs GeoMean Assessment
v (cfu/100mL) Mean N 2:2? > 1267 Decision
Reese Creek RS02 9/15/08 345 56.9 NO NO Not enough
RS02 9/3/08 90.8 data

There were too few E. coli results on Reese Creek to
complete a full assessment. However,
Creek. One sample was 411 cfu/100m
252 cfu/100mL. The limited dataset fo

7.4.2.5 Smith Creek

Smith Creek flows 6 miles from the confluence of R

meet the requirements of ARM 17.30. 620(2} to
there were 4 additional samples collected on 9/17/2009 on Reese
L which exceeded the water quality target of <10% of samples <

r Reese Creek does indicate impairment.

oss and Reese Creeks to the mouth (East Gallatin

River). it flows through agricultural bottom lands and rural residential areas. E, coli sources consist
primarily of livestock usage on both Smith Creek and tributary,

Ross Creek.

Smith Creek is listed as impaired for Escherichia coli on the 2012 303(d) List based on Fecal

Streptococcus water quality results from 1976-1977
Because only 4 samples (rather than the minimum 5
evaluation of compliance with the E. coli water quality st

waterbody evaluation for E. coli are summarized in Table 7-8.

Table 7-8. Smith Creek E. coli target evaluation summary

and E. coli water quality data from 2008 and 2009.
samples) were collected on Smith Creek in 2008, an
andard could not completed. Results of this

Waterbody | Station Date E. coli Resutlt Geometric 10% of GeoMean > | Assessment
(cfu/100mL) Mean samples 126? Decision
> 252?
SM02 8/21/08 | 124
i SMO01 9/3/08 108 Not enough
Smith Creek RSOL 9/8/08 435 155 NO NO data
SM02 9/17/08 | 76.8

There were too few E. coli results on Smith Creek to
complete a full assessment. However, there were 2 a
Creek. One sample was 291 cfu/100mL which exceed
<252 cfu/100mL. The limited dataset for Smith Creek

meet the requirements of ARM 17.30. 620(2) to
dditional samples collected on 9/17/2009 on Smith
ed the water quality target of <10% of samples
does indicate impairment.
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7.4.3 E. Coli Target Compliance Summary

Water quality data collected in 2008 and 2009 verify that the E. coli water quality criteria were exceeded
in Bozeman Creek, Camp Creek, Godfrey Creek, Reese Creek and Smith Creek. Although there were too
few E. coli results on Reese Creek and Smith Creek to meet the requirements of ARM 17.30.620(2) to
complete a full assessment, individual samples on these streams did exceed the criteria that <10% of all
samples be <252 cfu/100mL. E. coli TMDLs will be written for all 5 stream segments (Section 7.6).

7.5 E. COLI SOURCE CHARACTERIZATION AND ASSESSMENT

Assessment of existing E. coli sources is necessary in order to develop load allocations to specific source
categories. The following section characterizes sources contributing to E. coli loading and assesses E. coli
contributions from individual source categories.

E. coli sampling conducted in 2008 and 2009 provides the most recent data for characterization of
existing E. coli water quality conditions in the Lower Gallatin watershed. Over 50 samples were taken
from 32 sampling sites with the objectives of 1) evaluating summer period (April 1 —October 31)
attainment of E. coli water quality targets, and 2) assessing E. coli load contributions from sources within
the Lower Gallatin River watershed.

As described in Section 7.5, data results show E. coli target exceedances in the Lower Gallatin River
watershed and periodic exceedances of water quality targets on all streams with an E. coli impairment
(Figure 7-2).
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Figure 7-2. E. coli Concentrations in the Lower Gallatin Watershed, 2008-2009

9/6/2012 DRAFT 7-8





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 7.0

Typically, anthropogenic E. coli sources in western watersheds consist of agricultural nonpoint sources
and wastewater point sources. Agricultural nonpoint E. coli sources are typically significant during wet,
high flow periods (United States Environmental Protection Agency, 2001) and may cause water quality
impairments during these times if proper controls are not in place. Alternatively, point sources of E. coli
are the most significant during the lowest flows when a stream'’s dilution capacity is at its lowest. E. coli
source characterization therefore focuses on identifying and assessing sources that may contribute £,
coli loads during the late summer and early fall low-flow season. /t is expected that practical pollutant
controls designed to reduce loading from these summertime sources may apply to year-round E. coli
source reductions.

Land uses in E. coli impaired streams in the Lower Gallatin River watershed are primarily agricultural and
residential. There is one permitted point source which discharges directly to an impaired waterbody.
The City of Bozeman MS4 discharges to Bozeman Creek. E. coli sources in the Lower Gallatin watershed
include agricultural sources associated with livestock operations, residential and natural sources.

7.5.1 Natural E. coli Sources

Natural background sources of E. coli are primarily from wildlife excrement, and may include moose,
deer, beaver, waterfowl and other types of wildlife that utilize riparian and stream corridors. Estimates
of natural background conditions for E. coli rely on historical data and, more importantly, collected
reference data.

Historical/pre-development E. coli data with which to estimate natural background levels is limited for
the Lower Gallatin River watershed. In developing pathogen TMDLs for E. coli in the West Fork Gallatin
River Watershed, data collected on undeveloped or ‘reference’ areas was used to inform natural
background E. coli conditions. During E. coli data collection in 2006-2008, several sampling sites were
chosen in undeveloped areas in order to estimate natural background E. coli conditions. Sites include
undeveloped areas of Swan Creek, Hellroaring Creek, Beehive Creek, the North Fork West Fork Gallatin
River, and the South Fork West Fork Gallatin River. Late summer/fall E. coli concentrations averaged 24
cfu/100ml (Table 7-9).

Table 7-9. E. coli Reference Data and summary statistics

Site Sample Date E. coli (cfu/100ml)
BEHVO1 08/18/06 29
BEHVO1 11/17/06 6
BEHVO1 08/27/08 19
NFWFO1 08/18/06 91
NFWF01 11/17/06 20
SFTRO1 08/27/08 5
HLRGO1 08/27/08 3
SWANO3 08/27/08 23

mean 24
90th percentile 48
max 91

min 3

For purposes of estimating natural background concentrations for TMDL development, the 90th
percentile reference value of 48 E. coli cfu/100ml is adopted as an estimate of nature background
sources for calculation of daily load allocations in Section 7.7.
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7.5.2 Anthropogenic Sources

7.5.2.1 Agricultural/Residential E. coli Sources

Anthropogenic E. coli sources in the watershed include a variety of nonpoint sources associated with
agricultural and residential uses. These sources include a variety of lesser individual source categories
that together may be categorized as recreational/residential sources and include:

Livestock

Horses, cattle, sheep and goats are raised in many of the basins in the Lower Gallatin watershed and
include both small and large operations. Land ownership consists of smaller parcels in the Bozeman
Creek drainage relative to the other E. coli impaired waterbodies in the Lower Gallatin watershed.
several of the drainages have significant livestock numbers such as Camp, Godfrey, and Reese Creeks.
Smith Creek drains upland areas that have livestock operations.

Domestic pets
Animals associated with human residential and recreational lands are included as a component of

‘recreational/residential’ sources. Dogs are common in the residential areas of the Lower Gallatin
watershed, and recreational stock (commercial trail and hobby horses) are maintained by individuals
and businesses.

Storm water runoff & sediment

Storm water runoff from residential and commercial areas can carry a variety of contaminated refuse to
receiving waterbodies and contaminating stream sediments. Re-suspension of E. coli in substrate
sediments as a result of recreational usage (anglers, waders, dogs, etc) or disturbance may contribute to
in-stream E. coli loads during the summer usage season. This is directly applicable to the Bozeman Creek
drainage.

7.5.2.2 Wastewater E. coli Sources

Possible wastewater sources with the potential to contribute E. coli loads to surface waters include
individual septic systems and sewer system main lines and residential service connections. Properly
designed, installed and maintained, these systems pose no significant loading threat to surface waters.
Failing systems or leaking pipes have the potential to contribute E. coli loads where they are in close
proximity to surface waters.

Failing or malfunctioning septic systems
Failing and malfunctioning septic systems include individual wastewater systems that are not providing

adequate treatment of bacterial contaminants before they reach surface waters. Typically such systems
exhibit evidence of failure by surface ponding and routing of effluent. Malfunctioning systems may also
include improperly installed systems or those that intercept groundwater or are susceptible to flooding.
While no information is available regarding failing septic systems in the Lower Gallatin project area, the
number of septic systems in close proximity to surface waters within the watershed is low and not
expected to contribute significantly to E. coli loads. The exception to this is Bozeman Creek which does
have medium to high densities of septic fields in its drainage.

Broken sewer lines or domestic service lines
Compromised underground sewer and service lines are not uncommon to sewer systems, and have the
potential to contribute E. coli loads to nearby waterbodies. The significance of this source is unknown,
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but the proximity of sewer mainlines and residential service connections to Bozeman Creek may have an
adverse effect on E. coli impairment (Figure 7-3). Maintenance of sewer and service lines is conducted
routinely by the City of Bozeman.
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Figure 7-3. Bozeman city limits and sewered areas in relation to Bozeman Creek

Because of the diffuse nature of nonpoint source loads and the variability in E. coli results, identification
and estimation of discrete of E. coli loads from specific sources is difficult to estimate. Synoptic sampling
events conducted in 2009, while not adequate to unveil definitive source linkages, show the spatial and

temporal variability in E. coli measurements throughout the watershed.

In general the higher E. coli concentrations were observed in the Camp and Godfrey Creek drainages
which have the most intensive agricultural land uses of all the E. coli impaired waterbodies in the Lower
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Gallatin watershed. In the absence of genetic microbial source tracking information, it is difficult to
assign specific load estimations to individual agricultural, residential, and wastewater source categories.
Consequently, numeric load estimations are not calculated for cumulative residential/recreational and
wastewater E. coli sources. Rather, load allocations given in Section 7.6 provide allowable E. coli loading
levels to these source categories.

7.5.3 Point Sources
As of March 19, 2012, there were 81 Montana Pollutant Discharge Elimination System (MPDES)

permitted point sources within the Lower Gallatin TMDL Project Area (Figure A-22). These 81 MPDES
permits include:
e City of Bozeman Water Reclamation Facility (WRF) (MT0022608)
City of Bozeman Water Treatment Facility (MT0030155)
City of Bozeman — Lyman Creek Reservoir (MT0031631)
City of Bozeman MS-4 Storm Water System (MTR040002)
Town of Manhattan Wastewater Treatment Facility (WWTF) (MT0021857)
United States Fish & Wildlife Service (USFWS) Bozeman Fish Technology Center (MTG130006)
One permit for petroleum cleanup (MTG790003)
One permit for construction dewatering (MTG070687)
Two permits for disinfected water (MTG770015 and MTG770018)
Three permits for sand and gravel (MTG490019, MTG490024, and MTG490026)
Four Concentrated Animal Feeding Operations (MTG010052, MTG010188, MTG010219, and
MTG010225)
e Five permits for industrial activity storm water (MTR000095, MTR000192, MTR000358,
MTR000403, and MTR000483)
o Fifty-nine general permits for construction activity storm water

Of the complete list of MPDES permits, only 1 has a direct discharge of a potential pathogen source to a
pathogen impaired stream in the Lower Gallatin TPA. The City of Bozeman MS-4 sends storm water
flows to Bozeman Creek. To provide the required WLAs for permitted point sources, a source
assessment was performed for the City of Bozeman MS-4 permit.

7.5.3.1 City of Bozeman MS4 Storm Water System (MTR040002)

E. coli Wasteload Allocations

The city of Bozeman MS4 Storm Water System falls under the General Permit For Storm Water
Discharge Associated with Small Municipal Separate Storm Water Sewer System (MS4) (MTR04000). The
most recent permit was issued by DEQ on February 22, 2010 to the following three co-permittees: the
City of Bozeman (City), Montana State University — Bozeman (MSU), and the Montana Department of
Transportation (MDT). This permit allows the discharge of storm waters to the following surface waters:

e Spring Creek (for City) e Maynard Border Ditch (for City and

e Bozeman Creek (for City and MDT) MDT)

e Bridger Creek {for City) e Mandeville Creek (for City and MSU)

e East Gallatin River (for City and MDT) e Middle Creek Ditch (for City and MSU)
e Farmers Canal (for City and MSU) e West Gallatin Canal (for MSU)

e Bear Creek (for City) e Unnamed Ditch — West End MSU

e Baxter Creek (for City and MDT) Boundary (for MSU)
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In accordance with Part IIl.A. of the General Permit (MTR040000), the City’s, MSU’s and MDT’s Storm
Water Management Program (SWMP) must address the pollutants of concern for which the receiving
waterbodies are listed on the State’s 303(d) list. This discussion must specifically address Best
Management Practices that will address the pollutants of concern.

Per EPA requirements at the federal level, NPDES-regulated storm water discharges (MS4-permitted
discharges) must be addressed by the wasteload allocation (WLA) of a TMDL (40 Code of Federal
Regulations (C.F.R.) § 130.2(h) & (i).). EPA requires a numeric WLA but allows a state permitting
authority to apply a BMP based approach to satisfy the WLA of a TMDL. Where appropriate, surrogate
pollutant parameters (i.e. impervious cover) are acceptable for use as TMDL endpoints or other
appropriate measures (see 40 C.F.R. §130(2)(i)).

At the state level, Administrative Rule of Montana (ARM) 17.30.1111(5) requires MS4 permittees to
develop, implement and enforce a Storm Water Management Program (SWMP) designed to reduce the
discharge of pollutants to the maximum extent practicable (MEP).

ARM 17.30.1111(S)(a) also states, ‘For the purposes of this rule, narrative effluent limitations requiring
the implementation of BMPs are the most appropriate form of effluent limitations when designed to
satisfy technology requirements (including reductions of pollutants to the maximum extent practicable)
and to protect water quality. Implementation of BMPs consistent with the provisions of the SWMP
required pursuant to this rule and the provisions of the permit shall constitute compliance with the
standard of reducing pollutants to the ‘maximum extent practicable.’

The storm water system is designed for the 10 year, 2 hour event of 0.41 inches. The MS4 area
comprises 6% of the Bozeman Creek watershed and Bozeman Creek receives approximately 16% of the
flow from the MS4. Based on 30 years of precipitation data (1980-2009), 20.05 inches of precipitation
fall, on average, 18.6 days per summer period (July 1 ~ September 30). Activation of the M54 is relatively
infrequent during the summer period.

Limited E. coli data is available for the MS4 storm water system. Flowing outfalls to Bozeman Creek were
sampled for E. coli as part of a synoptic sampling event on 9/15/2009 (Figure 7-4). This sampling
identified illicit discharges of E. coli to Bozeman Creek from the MS4 storm water system (Table 7-10).
The precipitation record at Montana State University (COOP ID 241044) observed no measurable
precipitation from 9/2/2009 to 9/20/2009. Therefore, the observed flows from the outfalls to Bozeman
Creek constituted illicit discharges.

9/6/2_012 DRAFT 7-13





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 7.0

PR AN l ]
D 0.5 1 2 Miles N
I Y Y N N T T T . sbo2 § |
y. )../
MO/ r g[spoza o
/ N Bozeman | s / /
SD03 3
\ e
SDO3A
) £ T TrTt
N ] & 7 spos
. " ’_P ¢
Legend s ¢ :
]
o 9/15/2009 sampled outfall | /&
s o
@ Surface water data / I o
/&) §sDOS
State NHD Flowline \ &\ N
/& | [ SDOSA-
FType §
v i/e
Artificial Path 5/ (¢
g S
| —— Canal/Ditch / g 'i 7
—— Coastline " - img
st
—— Connector 3‘, ~ € Cre
2 Nk
—— Pipeline Q >
. | ®© e
- Stream/River b * -
/| Underground Conduit L \ spo6 ~—

Figure 7-4. Location of sampled MS4 outfalls to Bozeman Creek, 9/15/2009

Table 7-10. 9/15/2009 E. coli loads to Bozeman Creek from MS4

Site ID Discharge (cfs) E. coli (cfu/100mL) E. Coli Load {cfu/day)
SPDO1 0.13 365 1178.92
SPD02 0.15 ND NA

SPDO3 0.10 2420 5862.28
SPDO4 0.88 ND NA

ND = not detected; NA = not applicable
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On 9/15/2009, the E. coli load from the flowing storm drains constituted approximately 21% of the non-
natural background E. coli load in Bozeman Creek. Not enough sampling data exist to determine the
long-term average load from the MS4 to Bozeman Creek.

Stagnant waters within the MS4 storm water system may act as a temporary breeding ground for E. coli
bacteria which are then released to the receiving waterbody during storm events. lllicit discharges may
be the result of groundwater flows entering the system or illegal discharges from homes and businesses
to storm sewers or direct connections to the MS4 network. The MS4 will be assigned a wasteload
allocation of 0 when the storm water system is not activated. As required by the general permit, an illicit
discharge detection and elimination (IDDE) program will be necessary to achieve this WLA. A continually
updated storm sewer system map, showing the location and number of all outfalls must be developed
and maintained by the permittees in order to successfully implement an IDDE program. Storm Water
Ordinance 1763 adopted by the city of Bozeman in 2010 establishes legal authority to prohibit illicit
discharges in the MS4. These measures will achieve the WLA when the system should not be producing
flow. IDDE is critical to reduce chronic exceedances of water quality targets in the receiving waterbodies.

A review of storm water BMPs for bacteria, found that the BMPs that resulted in the greatest reductions
of bacteria loading were extended retention basins and sand filters which resulted in bacteria load
reductions of 40% and 55% respectively (Barrett, 1999). Sand filters consist of basins that capture storm
water runoff and filter the runoff through a bed of sand to remove sediment and pollutants. Filtration of
coliform bacteria and nutrients is by a mat of bacterial slime that develops from normal operations.
Sand filters are highly adaptable as they can be used in areas with thin soils, high evaporation rates and
low soil infiltration rates. They also do not need a large area for installation. During and following
precipitation events, loading from the MS4 to the receiving waterbodies will be reduced via
implementation to the ‘maximum extent practicable’ and monitoring of storm water Best Management
Practices (BMPs) within the MS4 boundaries. In addition to an active storm water management program
{SWMP) as required by the general permit; these measures should achieve reductions in the E. coli loads
to the receiving waterbodies. It is anticipated that if the conditions of the permit are met, the E. coli load
from the MS4 to Bozeman Creek can be reduced by 21% when the system is activated. A successful
program of IDDE and possible BMP implementation should reduce the E. coli load to 0 when the M54 is
not activated by a precipitation event. It is recommended that future discharge monitoring by the city of
Bozeman include E. coli sampling.

It is recognized that even when the MS4 meets the percent reduction WLA requirement, receiving
waterbodies could occasionally have concentrations above the target concentrations presented in
Section 7.4.1 because of storm water flows and pollutant concentrations. This is not considered an issue
regarding compliance with targets and water quality standards since these excursions will be less than
20% of the summer growing season (July 1 — September 30) and will be randomly spaced throughout
that period. Where target exceedances do exist, but are less than 20%, it is desirable to have a
somewhat random spacing of such exceedances similar to what would be anticipated via the city of
Bozeman MS4 storm water system (Suplee et al., 2008a).

7.6 E. CoLlI TOTAL MAXIMUM DAILY LOADS

As established in Section 7.5, E. coli Total Maximum Daily Loads are presented herein for Bozeman
Creek, Camp Creek, Godfrey Creek, Reese Creek and Smith Creek.
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A Total Maximum Daily Load (TMDL) is a calculation of the maximum pollutant load a waterbody can
receive while maintaining water quality standards. The total maximum daily load {cfu/day) of E. coli for
streams in the Lower Gallatin watershed is calculated using seasonal E. coli target values. The total
maximum daily E. coli load during the ‘summer’ season (Apr 1 — Oct 31) is based on an instream E. coli
target value of 126 cfu/100ml, while the E. coli TMDL during the winter season (Nov 1 — March 31) is
based on an instream E. coli target value of 630 cfu/100ml (Figure 7-5). TMDL calculations are based on
the following calculation:

TMDL = (X ) (Y ) (2.44E+7)
TMDL= Total Maximum Daily Load in c¢fu/day
X= E. coli water quality target in cfu/100ml!
Y= streamflow in cubic feet per second
(2.44E+7) = conversion factor
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Figure 7-5. Seasonal E. coli TMDLs as a function of flow

TMDLs are allocated to point (wasteload) and nonpoint (load) E. coli sources. The TMDL is comprised of
the sum of all point sources and nonpoint sources (natural and anthropogenic), plus a margin of safety
that accounts for uncertainties in loading and receiving water analyses. In addition to pollutant load
allocations, the TMDL must also take into account the seasonal variability of pollutant loads and employ
an adaptive management strategy in order to address uncertainties inherent in environmental analyses.

These elements are combined in the following equation:
TMDL = 3WLA + LA + MOS

Where:
WLA = Wasteload Allocation or the portion of the TMDL allocated to point sources.

9/6/2012 DRAFT 7-16





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan — Section 7.0

LA= Load Allocation or the portion of the TMDL allocated to nonpoint
recreational/residential sources and natural background

MOS = Margin of Safety or an accounting of uncertainty about the relationship between
pollutant loads and receiving water quality. Where the MOS is implicit (see Section
7.8.2), an additional numeric MOS is unnecessary; therefore the “explicit” MOS is set
equal to 0 here.

TMDL = LAyg + LAyw + LAges

LAxg = Load Allocation to natural background sources

LAww = Load Allocation to wastewater sources

LAges = Load Allocation to residential/recreational land use sources

7.6.1 Natural Background Load Allocation
Load allocations for natural background sources are based on a natural background E. coli concentration
of 48 cfu/100m| (see Section 7.5.1), and are calculated using the equation:

LANB = (X ) (Y ) (2.44E+7)

X= E. coli natural background concentration in cfu/100ml|
Y= streamflow in cubic feet per second

(2.44E+7) = conversion factor

7.6.2 Wastewater Load Allocation

The load allocation for unpermitted wastewater sources is set at zero: municipal and residential
wastewater is prohibited from entering state waterbodies without an MPDES permit. Properly
maintained sewer and septic systems are designed to prevent E. coli loads from entering waterbodies
and are assumed to meet this allocation. System failures that contribute E. coli loads to surface waters
are not meeting this allocation.

LAww=o

7.6.3 E. coli Source: Agricultural/Residential Land Use and Development
Load allocations for residential/recreational sources are calculated as the difference between the
allowable daily load (TMDL) and the natural background load:

I-ARES =TMDL - LANB

7.6.4 Allocation Approach

Widespread improvements are needed to decrease pathogen loading and meet TMDLs. Necessary
agricultural BMPs may include but are not limited to improved riparian buffers, rotational grazing and
effective manure management. These efforts focus on the distribution, usage, and timing of BMP
application on the landscape. Control of livestock access to streams via fencing, installation of hardened
stream crossings and off-stream water sources will reduce direct pathogen inputs to streams, increase
streambank stability, and improve the riparian buffer health. These are essential for meeting the
pathogen TMDLs. Pathogen loading reductions can be achieved through a combination of BMPs that
meet site-specific conditions.
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Although the needed reductions (based on sample data) only apply to the growing season for nonpoint
sources, it is anticipated that TMDL implementation will result in year-round reductions in pathogen
loading year-round. This will address sources of pathogens that tend to enter streams during runoff, are
stored in channels and become available during the summer growing season.

Wasteload allocations (WLAs) were developed for the City of Bozeman MS4 storm water system for the
Bozeman Creek E. coli TMDL. The WLA for the City of Bozeman MS4 is a unique case as during normal
low flow conditions the WLA = 0 for this point source. Load reductions for an activated system are
performance based load reductions requiring successful implementation of a storm water management
program (SWMP). Therefore, the Bozeman Creek E. coli TMDL does not include a WLA to the MS4.

For all other E. coli impaired streams, TMDL allocations are composited into a single load allocation to all
nonpoint sources, including natural background sources. Therefore, for streams without a WLA, all E.
coli TMDLs are as follows: TMDL = LA. TMDLs and necessary reductions will be presented first for those
assessment units with WLAs.

7.6.4.1 Meeting Allocations

The first critical step toward meeting the pathogen allocations involves applying and maintaining the
land management practices or BMPs that will reduce pathogen loading. Once these actions have been
completed at a given location, the landowner or land manager will have taken action consistent with the
intent of the pathogen allocation for that location. For many nonpoint source activities, it can take
several years to achieve the full load reduction at the location of concern, even with full BMP
implementation. For example, it may take several years for riparian areas to fully recover and decrease
pathogen loading after implementing grazing BMPs. It is also important to apply proper BMPs and other
water quality protection practices for all new or changing land management activities to limit any
potential increased nutrient loading.

Progress towards TMDL and individual allocation achievement can be gauged by BMP implementation
and improvement in or attainment of water quality targets defined in Section 6.4.2. Any effort to
calculate loads and percent reductions for purposes of comparison to TMDLs and allocations in this
document should be accomplished via the same methodology and/or models used here to develop the
loads and percent reductions.

7.6.5 E. Coli TMDLs

Pathogen TMDLs for E. coli were developed for the 5 previously identified impaired stream segments.

7.6.5.1 Bozeman Creek

A 15% reduction in E. coli loading is needed to meet the TMDL on Bozeman Creek {Table 7-11).
However, allowing a 0% reduction in natural load, a 21% reduction in E. coli loading from
agricultural/residential nonpoint sources to Bozeman Creek is necessary to achieve the TMDL. In order
to meet the water quality standard that <10% of samples are >252 cfu/100mL, a 34.1% reduction in the
peak E. coli load is required. The only sample that was >252 cfu/100mL in 2008 or 2009 was an August
2008 sample collected at the mouth of Bozeman Creek.
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Table 7-11. E. Coli Allocations and TMDL for Bozeman Creek

Source Exlsting Load (cfu/day) TMDL (cfu/day) % Reduction
Natural Background 22050.28 22050.28 0.0%
Agriculture/Residential 45614.06 35831.70 21.4%
Summary 67664.34 57881.98 14.5%
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Figure 7-6. Synoptic sampling for E. coli, Bozeman Creek, 9/15/2009

Figure 7-6 displays the results of a sampling event on 9/15/2009 compared with the TMDL for E. coli.
Samples SD06 and SDOSA were collected in Bozeman Creek upstream of the assessment unit which
starts at the confluence of Limestone Creek and Bozeman Creek. Nash Spring Creek joins Bozeman Creek
between SDO5 and SD04. On 9/15/2009, Nash Spring Creek comprised 28% of the increase in load
between the 2 sample points. Matthew Bird Creek enters Bozeman Creek between SD03 and SDO3A.
The Mill-Willow irrigation canal diverts flow from Bozeman Creek in the same reach between SD03 and
SDO3A. On 9/15/2009, the increase in load in this reach was directly attributable to the E. coli load from
Matthew Bird Creek.

7.6.5.2 Camp Creek

Based on sample data, the E. coli load on Camp Creek must be reduced 65% to meet the TMDL
(Table 7-12). Allowing a 0% reduction in natural background, a 75% reduction from
Agricultural/Residential sources is needed to achieve the TMDL. In order to meet the water quality
standard that <10% of samples are >252 cfu/100mL, a 72.3% reduction in the peak E. coli load is
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necessary. This assumes a 0% reduction in natural background loading. In the Camp Creek dataset, 9 of
14 samples exceeded 252 cfu/100mL.

Table 7-12. E. Coli Allocations and TMDL for Camp Creek

Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction
Natural Background 27998.00 27998.00 0.0%
Agriculture/Residential 179107.42 45496.76 74.6%
Summary 207105.42 73494.76 64.5%
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Figure 7-7. Synoptic sampling for E. coli, Camp Creek, 9/23/2009

Valley Ditch ends where it joins Camp Creek between CP02A and CP02. Flow was not recorded in Valley
Ditch on 9/23/2009. An unnamed irrigation canal terminates in Camp Creek between CP03 and CPO3A.
The Amsterdam-Churchill WWTP is located between CP02B and CP02A (Figure 7-7). The data suggest
that the WWTP is not contributing an appreciable pathogen load to Camp Creek.

7.6.5.3 Godfrey Creek

E. coli loads on Godfrey Creek need to be reduced 84% to meet the TMDL (Table 7-13). Allowing a 0%
reduction in natural background concentrations, all other sources must be reduced 89% to meet the
TMDL. In order to meet the water quality standard that <10% of samples are >252 cfu/100mL, an 89%
reduction in the peak E. coli load is necessary. This assumes a 0% reduction in natural background
loading. In the Godfrey Creek dataset, 6 of 11 samples exceeded 252 cfu/100mL.
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Table 7-13. E. Coli Allocations and TMDL for Godfrey Creek
Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction
Natural Background 4885.97 4885.97 0.0%
Agriculture/Residential 75106.58 7939.70 89.4%
Summary 79992.55 12825.67 84.0%
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Figure 7-8. Synoptic sampling for E. coli, Godfrey Creek, 9/25/2009

On 9/25/2009, all samples collected on Godfrey Creek exceeded the TMDL for E. colf (Figure 7-8). GDO4
is located on a tributary in the upper segment of Godfrey Creek. The samples was collected immediately
upstream of where the tributary joins Godfrey Creek. Flow at GD04 on 9/25/2009 was 1.45 cfs and at
GDO5, on the mainstem of Godfrey Creek, was 0.88 cfs. GDO5 was collected on the mainstem
immediately upstream of the confluence of Godfrey Creek and the tributary represented by GDO4.

Valley Ditch flows into Godfrey Creek and then comparable flow is diverted from the stream between
GDO02 and GDO1.

7.6.5.4 Reese Creek

Sampling data on Reese Creek show that the stream is close to meeting the TMDL and require only a 3%
reduction in £. coli loading (Table 7-14). Allowing a 0% reduction in natural background, loading from all
sources must be reduced 4% to meet the TMDL. In order to meet the water quality standard that <10%
of samples are >252 cfu/100mL, a 45.6% reduction in the peak E. coliload is necessary. This assumes a
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0% reduction in natural background loading. In the Reese Creek dataset, 2 of 7 samples exceeded 252

cfu/100mL.

Table 7-14. E, Coli Allocations and TMDL for Reese Creek

Source Existing Load (cfu/day) TMDL (cfu/day) % Reduction
Natural Background 9078.97 9078.97 0.0%
Agriculture/Residential 15413.99 14753.33 4.3%
Summary 24492.97 23832.31 2.7%
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Figure 7-9. Synoptic sampling for E. coli, Reese Creek, 9/17/2009

RSO1A

RSO1C

On 9/17/2009, all samples collected on Reese Creek exceeded the TMDL for E. coli {Figure 7-8). North
Cottonwood Creek joins Reese Creek between RS02 and RSO1B. The decrease in flow downstream of
RSO1B is most likely due to several downstream irrigation diversions.

Reese Creek flows westward until it joins Ross Creek which carries flows from the Dry Creek Irrigation
Canal. The Dry Creek Irrigation Canal diverts significant flow from the East Gallatin River approximately 4
miles downstream of the Hyalite Creek confluence. The Dry Creek Irrigation Canal flows northward from
the East Gallatin River and intersects Ross Creek (Figure 7-9). At this point, flows from the canal and
Ross Creek continue northward in the same channel. Ross Creek originally continued northeastward to
its confluence with Smith Creek but is now channelized along a private road to where it meets Reese
Creek. At this intersection of flow, Ross Creek/Dry Creek Irrigation Canal flow up from the south and join
Reese Creek from the east. The Dry Creek Irrigation Canal continues northward. The confluence marks
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the start of Smith Creek which flows westward to the East Gallatin River. As there is not a headgate or
diversion that separates flows at this intersection, water quality analyses assumed that during the
summer period Reese Creek flows are forced into the Dry Creek Irrigation Canal which flows northward
with a mix of Ross Creek, Reese Creek and East Gallatin River flows. Smith Creek flows westward with a
mixture of Ross Creek and East Gallatin River flow. Under this assumption, the Reese Creek watershed is
not a source area of nutrient impairment on Smith Creek during the summer period when the irrigation
canal is flowing.

Smith Creek begins at confluence’of,

Reese'Creek and -

i Ross Creek/Dry,Creek Irrigation Canal
iy

Reese Creek

'Abandoned

Ross Creek channel

Ross Creek joins

Dry,Creek Irrigation Canal
Flow Direction:

Dry Creek Irrigation Canal - northward § Ross Creek

0.25 0.5 Miles

Natura! waterbodies - westward

Figure 7-9. Confluence of Ross, Reese, and Smith Creeks and influence of Dry Creek Irrfgation Canal

7.6.5.5 Smith Creek

Sampling data on Reese Creek show that the stream is currently meeting the TMDL for E. coli

(Table 7-15). This is based on limited sampling in Smith Creek and is complicated by variable flows
caused by local irrigation diversions (Figure 7-9). Sampling in the Ross Creek drainage suggests that this
is a significant source area of E. coli to Smith Creek. The Dry Creek Irrigation Canal does convey flows
from the East Gallatin River to Smith Creek. East Gallatin flows are assumed to be at or below the E. coli
water quality standard.

The limited dataset suggests that flows in Smith Creek can be highly variable due to intra-basin irrigation
transfers. Variable flow rates translates to variable £. coli loads. While the stream is currently meeting
the TMDL for E. coli based on the geometric mean of 126 cfu/100mL, 2 of 7 samples exceeded 252
cfu/100mL. In order to meet the water quality standard that <10% of samples are >252 cfu/100mL, a
40% reduction in the peak E. coli load is necessary based on the limited dataset. This assumes a 0%
reduction in natural background loading.
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Table 7-15. E. Coli Allocations and TMDL for Smith Creek

Source Existing Load (cfu/day) TMDL {cfu/day) % Reduction
Natural Background 58922.89 58922.89 0.0%
Agriculture/Residential 88272.12 95749.70 0.0%
Summary 147195.01 154672.59 0.0%
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Figure 7-10. Synoptic sampling for E. coli, Smith Creek and tributaries, 9/17/2009

In Figure 7-10, SFR refers to South Fork Ross Creek which is a tributary to Ross Creek. Ross01 was
collected on Ross Creek upstream of where the Dry Creek Irrigation Canal joins Ross Creek. As outlined
in the Reese Creek discussion above, Ross Creek and flows from the East Gallatin River via the Dry Creek
Irrigation Canal comprise the flows in Smith Creek.

7.7 SEASONALITY AND MARGIN OF SAFETY

TMDL documents must consider the seasonal variability, or seasonality, on water quality impairment
conditions, maximum allowable pollutant loads in a stream (TMDLs), and load allocations. TMDL
development must also incorporate a margin of safety to account for uncertainties in the pollutant
loading analyses and the quality of the receiving waterbody, and to ensure (to the degree practicable)
that the TMDL components and requirements are sufficiently protective of water quality and beneficial
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uses. This section describes seasonality and margin of safety in the Lower Gallatin River Watershed E.
coli TMDL development process

7.7.1 Seasonality
Addressing seasonal variations is an important and required component of TMDL development and
throughout this plan seasonality is an integral consideration. Water quality and particularly E. coli
concentrations are recognized to have seasonal cycles. Specific examples of how seasonality has been
addressed within this document include:
® Water quality standards and consequent E. coli water quality targets are developed based on
application of seasonal beneficial uses (recreational use) and use a 126 cfu/100 ml value for the
summer months and 630 cfu/100ml during the winter months.
® Water quality data was collected during the period of highest probability of target exceedance
in the Lower Gallatin during low flow/late summer conditions.
e £ colidata and sources were evaluated based on and understanding of local seasonal source
prevalence and seasonal pathways.

7.7.2 Margin of Safety

A margin of safety is a required component of TMDL development. The margin of safety {MOS) accounts
for the uncertainty about the pollutant loads arid the quality of the receiving water and is intended to
protect beneficial uses in the face of this uncertainty. The MOS may be applied implicitly by using
conservative assumptions in the TMDL development process or explicitly by setting aside a portion of
the allowable loading. This plan addresses MOS implicitly in a variety of ways:

® The geometric mean value of 126 cfu/100m! (summer) or 630 cfu/100m! (winter) is used to
calculate TMDLs and load allocations. This provides a margin of safety by ensuring that
allowable daily load allocations do not result in the exceedance of water quality targets.

e The 90th percentile value of summer natural background concentrations was used to establish a
natural background concentration for load allocation purposes. This is a conservative approach,
and provides an additional MOS for anthropogenically -derived E. coli loads during most
conditions.

® Summertime natural background conditions (the highest natural concentrations) were used to
establish natural background conditions during all seasons.

* By considering seasonality (discussed above) and variability in £. coli loading.

® By using an adaptive management approach to evaluate target attainment and allow for
refinement of load allocation, assumptions, and restoration strategies to further reduce
uncertainties associated with TMDL development.

7.7.3 Uncertainty and Adaptive Management

Uncertainties in the accuracy of field data, source assessments, loading calcutations, and other
considerations are inherent when assessing and evaluating environmental variables for TMDL
development. While uncertainties are an undeniable fact of TMDL development, mitigation and
reduction of uncertainties through adaptive management approaches is a key component of ongoing
TMDL implementation and evaluation. Uncertainties, assumptions, and considerations are applied
throughout this document and point to the need to refine analysis, conduct further monitoring, and
address unknowns in order to develop better understanding of E. coli impairment conditions and the
processes that affect impairment. This process of adaptive management is predicated on the premise
that TMDLs, allocations, and the analyses supporting them are not static, but are processes subject to
modification and adjustment as new information and relationships are understood. As further
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monitoring of water quality and source loading conditions is conducted, uncertainties associated with
these assumptions and considerations may be mitigated and loading estimates may be refined to more
accurately portray watershed conditions.

As part of this adaptive management approach, land use activities should be tracked. Changes in land
use may trigger a need for additional monitoring. The extent of monitoring should be consistent with
the extent of potential impacts, and can vary from basic BMP assessments to a complete measure of
target parameters above and below the project area before and after project completion. Cumulative
impacts from multiple projects must also be a consideration. This approach will help track the recovery
of the system and the effects of ongoing management activities in the watershed.

Uncertainties in assessments and assumptions should not paralyze, but should point to the need to be
flexible in our understanding of complex systems, and to adjust our thinking and analysis in response to
this need. Implementation and monitoring recommendations presented in Section 9 and Section 10
provide a basic framework for reducing uncertainty and furthering understanding of these issues.
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8.0 OTHER IDENTIFIED ISSUES OR CONCERNS

8.1 POLLUTION IMPAIRMENTS

Water quality issues are not limited simply to those streams where TMDLs are developed. In some
cases, streams have not yet been reviewed through the assessment process and do not appear on the
303(d) List. In other cases, streams in the Lower Gallatin TPA may appear on the 303(d) List but may not
always require TMDL development for a pollutant, but do have pollution listings such as “alteration in
stream-side or littoral vegetation covers” that could be linked to a pollutant. These habitat related
pollution causes are often associated with sediment issues, may be associated with nutrient or
temperature issues, or may be having a deleterious effect on a beneficial use without a clearly defined
quantitative measurement or direct linkage to a pollutant to describe that impact. Nevertheless, the
issues associated with these streams are still important to consider when working to improve water
quality conditions in individual streams, and the Lower Gallatin watershed as a whole. In some cases,
pollutant and pollution causes are listed for a waterbody, and the management strategies as
incorporated through the TMDL development for the pollutant, inherently address some or all of the
pollution listings. Table 8-1 presents the pollution listings in the Lower Gallatin TPA, and notes those
streams listed that either do not have any associated pollutant listings or a TMDL in this document.

Table 8-1. Waterbody segments with pollution listings on 2012 303(d) List

Waterbody ID Stream Segment 2012 Probable Causes of impairment
Alteration in streamside or littoral
MT41H003_081 BEAR CREEK, headwaters to mouth (Rocky Creek) | vegetative covers

Excess algal growth

BOZEMAN CREEK, confluence of Limestone Creek | Alteration in streamside or littoral

MT41H003_040 and Bozeman Creek to the mouth (East Gallatin vegetative covers
River) Chlorophyll-a
BRIDGER CREEK, headwaters to mouth (East

MT41H003_110 Chlorophyll-a

Gallatin River)

Alteration in streamside or littoral
vegetative covers

CAMP CREEK, headwaters to mouth (Galiatin

MT41H002_010 .
River)

Other anthropogenic substrate
alterations

Physical substrate habitat alterations

Alteration in streamside or littoral

MT41H003_100 DRY CREEK, headwaters to mouth (East Gallatin vegetative covers

River) Physical substrate habitat alterations

Cause unknown

Alteration in streamside or littoral

MT41H003_020 EAST GALLATIN RIVER, Bridger Creek to Smith vegetative cover‘s
Creek Low flow alterations
Excess algal growth
MT41H003 030 EAST (?ALITATIN RIVER, Smith Creek to mouth Alteratl?n in streamside or littoral
- (Gallatin River) vegetative covers

GALLATIN RIVER, Spanish Creek to mouth

MT41H001_010 (Missouri River)*

Low flow alterations

Alteration in streamside or littoral

GODFREY CREEK, headwaters to mouth .
vegetative covers

MT41H002_020 {Moreland Ditch)

Excess algal growth
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Table 8-1. Waterbody segments with pollution listings on 2012 303(d) List

Waterbody ID Stream Segment 2012 Probable Causes of Impairment

HYALITE CREEK, Bozeman water supply intake to

MT41H003_134 the mouth (East Gallatin River)

Low flow alterations

Alteration in streamside or littoral

JACKSON CREEK, headwaters to mouth (Rocky vegetative covers

MT41H003_050

Creek) Chlorophyll-a

Alteration in streamside or littoral
vegetative covers

ROCKY CREEK, confluence of Jackson and

MT41H003_080 Timberline Creeks to mouth (East Gallatin River)

Other anthropogenic substrate
alterations

Physical substrate habitat alterations

Alteration in streamside or littoral

SMITH CREEK, confluence of Ross and Reese .
vegetative covers

MT41H003_060

Creeks to mouth (East Gallatin River - - -
ee (Ea ) Physical substrate habitat alterations

SOUTH COTTONWOOD CREEK, Middle Creek

Assoc Ditch diversion to mouth (Gallatin River)* Low flow alterations

MT41H002_031

STONE CREEK, headwaters to mouth (Bridger Alteration in streamside or littoral

MT41H003_120 Creek) vegetative covers

Alteration in streamside or littoral

THOMPSON CREEK (Thompson Spring), vegetative covers

MT41H003_090

headwaters to mouth (East Gallatin River)

Chlorophyll-a

* Streams listed for pollution only, with no pollutant listings or no TMDL in this document.

8.1.2 Pollution Causes of Impairment Descriptions

Pollution listings are often used as a probable cause of impairment when available data at the time of
assessment does not necessarily provide a direct quantifiable linkage to a specific pollutant, however
non-pollutant sources or indicators do indicate impairment. in some cases the pollutant and pollution
categories are linked and appear together in the cause listings, however a pollution category may
appear independent of a pollutant listing. The following discussion provides some rationale for the
application of the identified pollution causes to a waterbody, and thereby provides additional insight
into possible factors in need of additional investigation or remediation.

Alteration in Streamside or Littoral Vegetation Covers

Alteration in streamside or littoral vegetation covers refers to circumstances where practices along the
stream channel have altered or removed riparian vegetation and subsequently affected channel
geomorphology and/or stream temperature. Such instances may be riparian vegetation removal for a
road or utility corridor, or overgrazing by livestock along the stream. As a result of altering the
streamside vegetation, destabilized banks from loss of vegetative root mass could lead to overwidened
stream channel conditions, elevated sediment and/or nutrient loads, and the resultant lack of canopy
cover can lead to increased water temperatures.

Cause Unknown

This pollutant is a special case that was linked specifically to Dry Creek in the Lower Gallatin project area.
Water quality research in the late 1970s in the Gallatin Valley identified water quality issues through
extensive sampling in the watershed (Blue Ribbons of the Big Sky Country Areawide Planning
Organization, 1977; 1978; 1979). In this case, the impairment was linked to fecal coliform samples that
impaired the beneficial use of primary contact recreation. However the source was listed as unknown
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and the pollution was not further clarified. In this specific case, future monitoring by DEQ Monitoring
and Assessment personnel will address this pollutant on Dry Creek in the Lower Gallatin project area.

Chlorophyll-a/Excess Algal Growth

These 2 terms are interchangeable as they identify an impairment of a beneficial use to primary contact
recreation from algal growth in the stream channel. Excess algal growth refers to the often visual
identification of impairment from phytoplankton/algal growth while chlorophyll-a is a direct measure of
plant productivity. The most abundant form of chlorophyll within photosynthetic organisms,
chlorophyll-a is used as a surrogate measure of net primary production in a stream. It is used as a
measurement of the population and distribution of microscopic living plant matter (phytoplankton or
algae) in a stream reach. Chlorophyll monitoring is a way to track algal growth. In surface waters high
chlorophyll concentrations are often correlated with high nutrient concentrations such as nitrogen and
phosphorus which tan cause algal blooms. When an algal bloom dies off at the end of its life cycle or
due to a change in environmental conditions, the resulting decomposition depletes dissolved oxygen
(DO) levels in the water column. A loss of DO can lead to fish kills. High nutrient concentrations can be
indicative of septic system leakages, wastewater treatment plant influences, and fertilizer/manure
runoff. Chlorophyll-a can therefore be used as an indirect measure of nutrient levels. For both
descriptors, chlorophyll-a and excess algal growth indicate an oversupply of nutrients to the system.

Physical Substrate Habitat Alterations

Physical substrate habitat alterations generally describe cases where the stream channel has been
physically altered or manipulated, such as through the straightening of the channel or from human-
influenced channel downcutting, resulting in a reduction of morphological complexity and loss of habitat
(riffles and pools) for fish and aquatic life. For example, this may occur when a stream channel has been
straightened to accommodate roads, agricultural fields, or through placer mine operations.

Low Flow Alterations

Streams are typically listed for low flow alterations when irrigation withdrawal management leads to
base flows that are too low to support the beneficial uses designated for that system. This could result in
dry channels or extreme low flow conditions unsupportive of fish and aquatic life. It could also result in
lower flow conditions which absorb thermal radiation more readily and increase stream temperatures,
which in turn creates dissolved oxygen conditions too low to support some species of fish.

It should be noted that while Montana law states that TMDLs cannot impact Montana water rights and
thereby affect the allowable flows at various times of the year, the identification of low flow alterations
as a probable source of impairment does not violate any state or federal regulations or guidance related
to stream assessment and beneficial use determination. Subsequent to the identification of this as a
probable cause of impairment, it is up to local users, agencies, and entities to improve flows through
water and land management.

Other Anthropogenic Substrate Alterations

Streams may be listed for other anthropogenic substrate alterations when data indicates impacts to the
stream channel have resulted from apparent anthropogenic activities, but parameters related to
substrate (pebble counts) do not appear high, and morphological characteristics such as width/depth or
entrenchment are also within expected values. For example, this would take place in a system where the
reduction or historic reduction of vegetation capable of producing large woody debris has occurred, in a
system where large woody debris is integral to pool development (quality and quantity) and channel
function.
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8.1.3 Monitoring and BMPs for Pollution Affected Streams

Streams listed for pollution as opposed to a pollutant should not be overlooked when developing
watershed management plans. Attempts should be made to collect sediment, nutrient, and E. coli
information where data is minima! and the linkage between probable cause, pollution listing, and effects
to the beneficial uses are not well defined. The monitoring and restoration strategies that follow in
Sections 9.0 and 10.0 are presented to address both pollutant and non-pollutant issues for streams in
the Lower Gallatin TPA with TMDLs in this document, and they are equally applicable to streams listed
for the above pollution categories.
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9.0 RESTORATION OBJECTIVES AND IMPLEMENTATION STRATEGY

While certain land uses and human activities are identified as sources and causes of water quality
impairment during TMDL development, the management of these activities is of more concern than the
activities themselves. This document does not advocate for the removal of land and water uses to
achieve water quality restoration objectives, but instead for making changes to current and future land
management practices that will help improve and maintain water quality. This section describes an
overall strategy and specific on-the-ground measures designed to restore beneficial water uses and
attain water quality standards in Lower Gallatin TPA streams. The strategy includes general measures for
reducing loading from each significant identified poliutant source.

9.1 WATER QUALITY RESTORATION OBJECTIVES

The following are general water quality goals provided in this TMDL document:

® Provide technical guidance for full recovery of aquatic life beneficial uses to all impaired streams
within the Lower Gallatin TPA by improving sediment, nutrient, and E. coli water quality
conditions. This technical guidance is provided by the TMDL components in the document which
include:
o water quality targets,
o pollutant source assessments, and
o arestoration and TMDL implementation strategy.

A watershed restoration plan (WRP) can provide a framework strategy for water quality restoration and
monitoring in the Lower Gallatin TPA, focusing on how to meet conditions that will likely achieve the
TMDLs presented in this document, as well as other water quality issues of interest to local communities
and stakeholders. Watershed restoration plans identify considerations that should be addressed during
TMDL implementation and should assist stakeholders in developing a more detailed adaptive plan in the
future. A locally developed WRP will likely provide more detailed information about restoration goals
and spatial considerations but may also encompass more broad goals than thig framework includes. A
WRP would serve as a locally organized “road map” for watershed activities, sequences of projects,
prioritizing of projects, and funding sources for achieving local watershed goals, including water quality
improvements. The WRP is intended to be a living document that can be revised based on new
information related to restoration effectiveness, monitoring results, and stakeholder priorities. The
following are key elements suggested for the WRP:

* Support for implementing restoration projects to protect water conditions so that all streams in
the watershed maintain good water quality, with an emphasis on waters with TMDLs
completed.

* Detailed cost/benefit analysis and spatial considerations for water quality improvement
projects.

e Develop an approach for future BMP installment and efficiency results tracking.

® Provide information and education components to assist with stakeholder outreach about
restoration approaches, benefits, and funding assistance.

® Other various watershed health goals, such as weed control initiatives.

Other local watershed based issues.
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9.2 AGENCY AND STAKEHOLDER COORDINATION

Successful implementation requires collaboration among private landowners, land management
agencies, and other stakeholders. The DEQ does not implement TMDL pollutant reduction projects for
nonpoint source activities, but can provide technical and financial assistance for stakeholders interested
in improving their water quality. The DEQ will work with participants to use the TMDLs as a basis for
developing locally-driven WRPs, administer funding specifically to help fund water quality improvement
and pollution prevention projects, and can help identify other sources of funding.

Because most nonpoint source reductions rely on voluntary measures, it is important that local
landowners, watershed organizations, and resource managers continue to work collaboratively with
local and state agencies to achieve water quality restoration which will progress toward meeting water
TMDL targets and load reductions. Specific stakeholders and agencies that have been, and will likely
continue to be, vital to restoration efforts include the Greater Gallatin Watershed Council, Blue Water
Task Force, Gallatin Local Water Quality District, Gallatin Conservation District, USFS, NRCS, DNRC, FWP,
NRDP, EPA and DEQ. Other organizations and non-profits that may provide assistance through technical
expertise, funding, educational outreach, or other means include Montana Water Center, University of
Montana Watershed Health Clinic, and MSU Extension Water Quality Program.

9.3 RESTORATION STRATEGY BY POLLUTANT

This section summarizes the primary restoration strategy for each pollutant with TMDLs in this
document as well as some general information on restoration of non-pollutant impairments.

9.3.1 Sediment Restoration Strategy

The goal of the sediment restoration strategy is to prevent the availability, transport, and delivery of
sediment by a combination of minimizing sediment delivery, reducing the rate of runoff, and
intercepting sediment transport. Streamside riparian vegetation restoration and long term riparian area
management are vital restoration practices that must be implemented across the watershed to achieve
the sediment TMDLs. Vigorous native streamside riparian vegetation filters sediment from upland runoff
and improves streambank stability and slows bank erosion. Sediment is also deposited more heavily in
healthy riparian zones during flooding because water velocities slow in these areas enough for excess
sediment to settle out.

in areas where storm water is accelerating sediment loading to streams, the sediment restoration
strategy will be achieved by BMPs that promote infiltration of runoff and lessen its volume and the
timing of delivery to surface water. Smart growth and low impact development are two closely related
planning strategies that help reduce storm water volume, slow its transport to surface waterbodies, and
improve groundwater recharge.

Improved grazing management is another major component of the sediment restoration approach. This
may include adjusting the timing and duration of grazing, the development of multi-pasture systems
that include riparian pastures, and the development of off-site watering areas. Additionally, grazing
management, combined with some additional fencing costs in many riparian areas, would promote
natural recovery. Active vegetation planting along with bank sloping may increase costs, but still remains
within a reasonable and relatively cost effective restoration approach. When stream channel! restoration
work is needed because of altered stream channels, costs increase and projects should be assessed on a
case by case basis. In general, these are sustainable agricultural practices that promote attainment of
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conservation objectives while meeting agricultural production goals. The appropriate BMPs will differ by
landowner and are recommended to be part of a comprehensive farm/ranch plan.

Although roads may be a small source of sediment at the watershed scale, sediment derived from roads
may cause significant localized impact in some stream reaches. Restoration approaches for unpaved
roads near streams should be to divert water off of roads and ditches before it enters the stream. The
diverted water should be routed through natural healthy vegetation, which will act as filter zones for the
sediment laden runoff before it enters streams.

All of these best management practices are considered reasonable restoration approaches due to their
benefit and generally low costs. Although the appropriate BMP will vary by waterbody and site,
controllable sources and BMP types can be prioritized by watershed to reduce sediment loads in
individual streams.

9.3.2 Nutrient Restoration Strategy
The goal of the nutrient restoration strategy is to reduce nutrient input to stream channels by increasing
the filtering and uptake capacity of riparian vegetation areas, decreasing the amount of bare ground,
and limiting the transport of nutrients from rangeland and cropland. Cropland filter strip extension,
vegetative restoration, and long-term filter area maintenance are vital BMPs for achieving nutrient
TMDLs in predominantly agricultural watersheds. Grazing systems with the explicit goal of increased
vegetative post-grazing ground cover are needed to address the same nutrient loading from rangelands.
Grazing prescriptions that enhance the filtering capacity of riparian filter areas offer a second tier of
controls on the sediment content of upland runoff. Grazing and pasture management adjustments
should consider:

1. The timing and duration of near-stream grazing,

2. The spacing and exposure duration of on-stream watering locations,

3. Provision of off-stream site watering areas to minimize near-stream damage and allow

impoundment operations that minimize salt accumulations,

4. Active reseeding and rest rotation of locally damaged vegetation stands,
Improved management of irrigation systems and fertilizer applications, and
6. Incorporation of streamside vegetation buffer to irrigated croplands and confined feeding

areas

Ll

Seasonal livestock confinement areas have a historic precedent for placement near or adjacent to
flowing streams. Stream channels were the only available livestock water sources prior to the extension
of rural electricity. Although limited in size, their repeated use generates high nutrient concentrations in
close proximity to surface waters. Episodic runoff with high nutrient concentrations generates large
loads that can settle in pools of intermittent streams and remain bio-available through the growing
season. Diversion and routing of confinement runoff to harvestable nutrient uptake areas outside of
active water courses are effective controls.

In addition to the agricultural related BMPs, a reduction of sediment delivery from roads and eroding
streambanks is another component of the nutrient reduction restoration plan. Additional sediment
related BMPs are presented in Section 9.3.1.

In general, these are sustainable grazing and cropping practices that can reduce nutrient inputs while
meeting production goals. The appropriate combination of BMPs will differ according to landowner
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preferences and equipment but are recommended as components of comprehensive plan for farm and
ranch operators. Sound planning combined with effective conservation BMPs should be sought
whenever possible and applied to croplands, pastures and livestock handling facilities. Assistance from
resource professionals from various local, state, and federal agencies or non-profit groups is widely
available in Montana. The local USDA Service Center and county conservation district offices are geared
to offer both planning and implementation assistance.

9.3.3 E. coli Restoration Strategy

In basins dominated by agricultural livestock operations, the goal of the E. coli restoration strategy is to
reduce source input to stream channels by increasing the filtering and uptake capacity of riparian
vegetation areas, decreasing the amount of bare ground, and limiting the transport of manure from
rangeland and cropland to waterbodies. Many of the same nutrient BMPs apply to E. coli source
management by changing the timing and distribution of manure applications. Cropland filter strip
extension, vegetative restoration, and long-term filter area maintenance are vital BMPs for achieving
pathogen TMDLs in predominantly agricultural watersheds. Other BMPs include the control of runoff
and leaching from stockpiled manure and eliminating or reducing livestock access to waterbodies.
Grazing systems with the explicit goal of increased vegetative post-grazing ground cover are needed to
address the same nutrient loading from rangelands. Grazing prescriptions that enhance the filtering
capacity of riparian filter areas offer a second tier of controls on upland runoff dynamics. Although
limited in size, their repeated use generates high risk of pathogen loading to surface waters. Land
application of stored versus fresh manure and allowing a delay prior to incorporation of manure into the
soil profile promotes a decrease E. coli concentrations through the actions of drying and ultraviolet (UV)
light.

For E. coli TMDLs that include streams in more urban/residential drainages, efforts to monitor and
maintain septic fields are necessary to minimize the loading to surface waters. In Bozeman Creek and
other streams that receive discharges from the MS4, efforts to identify and eliminate illicit discharges to
the receiving waterbodies are needed. In addition, BMPs that include education and outreach to inform
the public to the proper way to handle and dispose of pet waste would further reduce the total loading
of pathogens to the MS4 system.

In order to better understand conditions contributing to E. coli loading, it is recommended that E. coli
sampling be continued in areas where elevated E. coli concentrations were observed, and to note
specific land uses and conditions at the time of sampling that could be contributing to elevated instream
concentrations. Additionally, synoptic sampling events should be continued, particularly during late
summer low-flow conditions in order to allow analysis of load contributions during times when water
quality is most susceptible to impacts from E. coli contributions.

9.3.4 Pollution Restoration Strategy

Although TMDL development is not required for pollution listings, they are frequently linked to
pollutants, and addressing pollution sources is an important component of TMDL implementation.
Pollution listings within the Lower Gallatin TPA include alteration in streamside or littoral vegetative
covers, physical substrate habitat alterations, other anthropogenic substrate alterations, and low flow
alterations. Typically, habitat impairments are addressed during implementation of associated pollutant
TMDLs. Although flow alterations have the most direct link with temperature, adequate flow is also
critical for downstream sediment transport and improving the assimilative capacity of streams for
sediment, nutrient, and E. coli inputs. Therefore, if restoration goals within the Lower Gallatin TPA are
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not also addressing pollution impairments, additional pollution-related BMP implementation should be
considered. Habitat and flow BMPs are discussed below in Section 9.4.

9.4 RESTORATION APPROACHES BY SOURCE CATEGORY

For each major source of human-caused pollutant loads in the Lower Gallatin TPA, general management
recommendations are outlined below. The effect of different sources can change seasonally and be
dependent on the magnitude of storm/high flow events. Therefore, restoration activities within the
Lower Gallatin TPA should focus on all major sources for each pollutant category. Yet, restoration should
begin with addressing significant sources where large load reductions can be obtained within each
source category. For each major source, BMPs will be most effective as part of a management strategy
that focuses on critical areas within the watershed, which are those areas contributing the largest
pollutant loads or are especially susceptible to disturbance. The source assessment results provided
within the appendices and attachments and summarized in Sections 5.7, 6.5, and 7.5 provide
information that should be used to help determine priorities for each major source type in the
watershed and for each of the general management recommendations discussed.

Applying BMPs for existing activities where they are currently needed is the core of TMDL
implementation but only forms a part of the restoration strategy. Also important are efforts to avoid
future load increases by ensuring that new activities within the watershed incorporate all appropriate
BMPs, and ensuring continued implementation and maintenance of those BMPs currently in place or in
practice. Restoration might also address other current pollution-causing uses and management
practices. In some cases, efforts beyond implementing new BMPs may be required to address key
pollutant sources. In these cases, BMPs are usually identified as a first effort followed by an adaptive
management approach to determine if further restoration activities are necessary to achieve water
quality standards. Monitoring is also an important part of the restoration process; recommendations are
outlined in Section 10.0.

9.4.1 Grazing

Development of riparian grazing management plans should be a goal for landowners in the watershed
who are not currently using a plan. Private land owners may be assisted by state, county federal, and
local conservation groups to establish and implement appropriate grazing management plans. The goal
of riparian grazing management is not to eliminate all grazing in these areas. Nevertheless, in some
areas, a more restrictive management strategy may be necessary for a period in order to accelerate re-
establishment of a riparian community with the most desirable species composition and structure.
Grazing should be managed to provide filtering capacity via adequate groundcover, streambank stability
via mature riparian vegetation communities, and shading from mature riparian climax communities.

Grazing management includes the timing and duration of grazing, the development of multi-pasture
systems, including riparian pastures, and the development of off-site watering areas. The key strategy of
the recommended grazing BMPs is to develop and maintain healthy riparian vegetation and minimize
disturbance of the streambank and channel. The primary recommended BMPs for the Lower Gallatin
TPA are providing off-site watering sources, limiting livestock access to streams, providing “water gaps”
where livestock access to a stream is necessary, planting woody vegetation along streambanks, and
establishing riparian buffers. Although passive restoration via new grazing plans or limited bank re-
vegetation are a preferred BMPs, in some instances, bank stabilization may be necessary prior to
planting vegetation. Other general grazing management recommendations and BMPs to address grazing
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sources of pollutants and pollution can be obtained in Appendix A of Montana’s NPS Management Plan
(Montana Department of Environmental Quality, 2012).

9.4.2 Small Acreages

Small acreages are growing rapidly, and many small acreage owners own horses or cattle. Animals
grazing on small acreages can lead to overgrazing and a shortage of grass cover, leaving the soil subject
to erosion and runoff to surface waters. General BMP recommendations for small acreage lots with
animals include creating drylots, developing a rotational grazing system, and maintaining healthy
riparian buffers. Small acreage owners should collaborate with MSU Extension Service, NRCS,
conservation districts and agriculture organizations to develop management plans for their lots. Further
information may be obtained from the Montana Nonpoint Source Management Plan (Montana
Department of Environmental Quality, 2012) or the MSU extension website at:
http://www.msuextension.org/ruralliving/Index.html.

9.4.3 Animal Feeding Operations

Animal feeding operations (AFOs) can pose a number of risks to water quality. To minimize water quality
effects from AFOs, the USDA and EPA released the Unified National Strategy for AFOs in 1999 (U.S.
Department of Agriculture and U.S. Environmental Protection Agency, 1999). This plan is a written
document detailing manure storage and handling systems, surface runoff control measures, mortality
management, chemical handling, manure application rates, schedules to meet crop nutrient needs, land
management practices, and other options for manure disposal. An AFO that meets certain specified
criteria is referred to as a Concentrated Animal Feeding Operation (CAFO), and in addition may be
required to obtain a Montana Pollution Discharge Elimination System (MPDES) permit as a point source.
Montana’s AFO compliance strategy is based on federal law and has voluntary, as well as, regulatory
components. If voluntary efforts can eliminate discharges to state waters, in some cases no direct
regulation is necessary through a permit. Operators of AFOs may take advantage of effective, low cost
practices to reduce potential runoff to state waters, which additionally increase property values and
operation productivity. Properly installed vegetative filter strips, in conjunction with other practices to
reduce wasteloads and runoff volume, are very effective at trapping and detaining sediment and
reducing transport of nutrients and pathogens to surface waters, with removal rates approaching 90
percent (U.S. Department of Agriculture and U.S. Environmental Protection Agency, 1999). Other
options may include clean water diversions, roof gutters, berms, sediment traps, fencing, structures for
temporary manure storage, shaping, and grading. Animal health and productivity also benefit when
clean, alternative water sources are installed to prevent contamination of surface water.

Opportunities for financial and technical assistance (including comprehensive nutrient management
plan development) in achieving voluntary AFO and CAFO compliance are available from conservation
districts and NRCS field offices. Voluntary participation may aide in preventing a more rigid regulatory
program from being implemented for Montana livestock operators in the future.

Further information may be obtained from the DEQ website at:
http://www.deq.mt.gov/wqinfo/mpdes/cafo.asp.

Montana’s NPS pollution control strategies for addressing AFOs are summarized in the bullets below:
e  Work with producers to prevent NPS pollution from AFOs.
e Promote use of State Revolving Fund for implementing AFO BMPs.
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¢ Collaborate with MSU Extension Service, NRCS, and agriculture organizations in providing
resources and training in whole farm planning to farmers, ranchers, conservation districts,
watershed groups and other resource agencies.

* Encourage inspectors to refer farmers and ranchers with potential nonpoint source discharges
to DEQ watershed protection staff for assistance with locating funding sources and grant
opportunities for BMPs that meet their needs. (This is in addition to funds available through
NRCS and the Farm Bill).

¢ Develop early intervention of education & outreach programs for small farms and ranches that
have potential to discharge nonpoint source pollutants from animal management activities. This
includes assistance from the DEQ Permitting Division, as well as external entities such as DNRC,
local watershed groups, conservation districts, and MSU Extension.

9.4.4 Cropland

The primary strategy of the recommended cropland BMPs is to reduce sediment and nutrient inputs.
The major factors involved in decreasing sediment loads are reducing the amount of erodible soil,
reducing the rate of runoff, and intercepting eroding soil before it enters waterbodies. The main BMP
recommendations for the Lower Gallatin TPA are vegetated filter strips (VFS) and riparian buffers. Both
of these methods reduce the rate of runoff, promote infiltration of the soil (instead of delivering runoff
directly to the stream), and intercept sediment. Effectiveness is typically about 70 percent for filter
strips and 50 percent for buffers (Montana Department of Environmental Quality, 2012). Filter strips
and buffers are most effective when used in conjunction with agricultural BMPs that reduce the
availability of erodible soil such as conservation tillage, crop rotation, strip cropping, and precision
farming. Filter strips along streams should be composed of natural vegetative communities which will
also supply shade to reduce instream temperatures. Filter strips widths along streams should be at least
double the average mature canopy height to assist in providing stream shade. Additional BMPs and
details on the suggested BMPs can be obtained from NRCS and in Appendix A of Montana’s NPS
Management Plan (Montana Department of Environmental Quality, 2012).

9.4.5 Irrigation

Flow alteration and dewatering are commonly considered water quantity rather than water quality
issues. However, changes to streamflow can have a profound effect on the ability of a stream to
attenuate pollutants, especially nutrients, metals and heat. Flow reduction may increase water
temperature, allow pollutants to accumulate in stream channels, reduce available habitat for fish and
other aquatic life, and may cause the channel to respond by changing in size, morphology, meander
pattern, rate of migration, bed elevation, bed material composition, floodplain morphology, and
streamside vegetation if flood flows are reduced (Andrews and Nankervis, 1995; Schmidt and Potyondy,
2004). Local coordination and planning are especially important for flow management because State law
indicates that legally obtained water rights cannot be divested, impaired, or diminished by Montana’s
water quality law (MCA 75-5-705).

Improvements should focus on how to reduce the amount of stream water diverted during July and
August, while still growing crops on traditional cropland. It may be desirable to investigate irrigation
practices earlier in the year that promote groundwater return during July and August. Understanding
irrigation water, groundwater and surface water interactions is an important part of understanding how
irrigation practices will affect streamflow during specific seasons. Although additional investigation of
inefficiencies in the irrigation network is needed to obtain the most improvement, potential changes are
as follows:

9/6/2012 DRAFT 9-7





Lower Gallatin Planning Area TMDLs & Framework Water Quality Improvement Plan - Section 9.0

e Install upgraded head gates for more exact control of water diversions and to minimize leakage
when not in operation.
Develop more efficient means to supply water to livestock.

e Determine necessary amounts of water to divert that would reduce over watering and improve
forage quality and production.

e Redesign irrigation systems.
Upgrade ditches (including possible lining) to increase ditch conveyance efficiency.

e Alter irrigation network and flow management to lessen irrigation sources of pollutants and the
effect on stream hydrology.

9.4.6 Riparian Areas and Floodplains

Riparian areas and floodplains are critical for wildlife habitat, groundwater recharge, reducing the
severity of floods and upland and streambank erosion, and filtering pollutants from runoff. Therefore,
enhancing and protecting riparian areas and floodplains within the watershed should be a priority of
TMDL implementation in the Lower Gallatin TPA. The value of these areas is increasingly being
recognized; over the past several years, Gallatin County has incorporated construction setbacks and
floodplain development restrictions into county ordinances; the county has a 150 foot setback from the
high water mark (Gallatin County, 2012).

Initiatives to protect riparian areas and floodplains will help protect property, increase channel stability,
and buffer waterbodies from pollutants. However, in areas with a much smaller buffer or where
historical vegetation removal and development have shifted the riparian vegetation community and
limited its functionality, a tiered approach for restoring stream channels and adjacent riparian
vegetation should be considered that prioritizes areas for restoration based on the existing condition
and potential for improvement. In non-conifer dominated areas, the restoration goals should focus on
restoring natural shrub cover on streambanks to riparian vegetation target levels associated with the
sediment and nutrient TMDLs. Passive riparian restoration is preferable, but in areas where stream
channels are unnaturally stable or streambanks are eroding excessively, active restoration approaches,
such as channel design, woody debris and log vanes, bank sloping, seeding, and shrub planting may be
needed. Factors influencing appropriate riparian restoration would include the severity of degradation,
site-potential for various species, and the availability of local sources as transplant materials. In general,
riparian plantings would promote the establishment of functioning stands of native riparian species.
Weed management should also be a dynamic component of managing riparian areas.

The use of riprap or other “hard” approaches is not recommended and is not consistent with water
quality protection or implementation of this plan. Although they may be absolutely necessary in some
instances, these “hard” approaches generally redirect channel energy and exacerbate erosion in other
places. Bank armoring should be limited to areas with a demonstrated infrastructure threat. Where
deemed necessary, apply bioengineered bank treatments to induce vegetative reinforcement of the
upper bank, reduce stream scouring energy, and provide shading and cover habitat.

9.4.7 Roads

The road sediment reductions in this document represent an estimation of the sediment load that
would remain once appropriate road BMPs were applied at all locations. Achieving this reduction in
sediment loading from roads may occur through a variety of methods at the discretion of local land
managers and restoration specialists. Road BMPs can be found on the Montana DEQ or DNRC websites
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and within Montana’s Nonpoint Source Management Plan (Montana Department of Environmental
Quality, 2012). Examples include:

e Providing adequate ditch relief up-grade of stream crossings.

e Constructing waterbars, where appropriate, and up-grade of stream crossings.

e Instead of cross pipes, using rolling dips on downhill grades with an embankment on one side to
direct flow to the ditch. When installing rolling dips, ensure proper fillslope stability and
sediment filtration between the road and nearby streams.

¢ Insloping roads along steep banks with the use of cross slopes and cross culverts.

Outsloping low traffic roads on gently sloping terrain with the use of a cross slope.

¢ Using ditch turnouts and vegetative filter strips to decrease water velocity and sediment
carrying capacity in ditches.

e For maintenance, grade materials to the center of the road and avoid removing the toe of the

cutslope.

Preventing disturbance to vulnerable slopes.

Using topography to filter sediments; flat, vegetated areas are more effective sediment filters.
Where possible, limit road access during wet periods when drainage features could be damaged.
Limit new road stream crossings and the length of near-stream parallel segments to the extent
practicable.

9.4.7.1 Culverts and Fish Passage

Although there are a lot of factors associated with culvert failure and it is difficult to estimate the true
at-risk load, the culvert analysis found that approximately 32% of the culverts were designed to
accommodate a 25-year storm event. The allocation strategy for culverts is no loading from culverts as a
result of being undersized, improperly installed, or inadequately maintained. The culvert assessment
included 19 culverts in the watershed, which is a small percentage of the total culverts, and it is
recommended that the remaining culverts be assessed so that a priority list may be developed for
culvert replacement. As culverts fail, they should be replaced by culverts that pass a 100 year flood on
fish-bearing streams and at least 25 year events on non fish bearing streams. Some road crossings may
not pose a feasible situation for upgrades to these sizes because of road bed configuration; in those
circumstances, the largest size culvert feasible should be used. If funding is available, culverts should be
prioritized and replaced prior to failure.

Another consideration for culvert upgrades should be fish and aquatic organism passage. In a coarse
assessment of fish passage, all culverts were determined to pose a significant passage risk to juvenile
fish at all flows; this suggests that a large percentage of culverts in the watershed are barriers to fish
passage. Each fish barrier should be assessed individually to determine if it functions as an invasive
species and/or native species barrier. These two functions should be weighed against each other to
determine if each culvert acting as a fish passage barrier should be mitigated. Montana FWP can aid in
determining if a fish passage barrier should be mitigated, and, if so, can aid in culvert design.

9.4.7.2 Traction Sand

Severe winter weather and mountainous roads in the Lower Gallatin River watershed will require the
continued use of relatively large quantities of traction sand. Nevertheless, closer evaluation of and
adjustments to existing practices should be done to reduce traction sand loading to streams to the
extent practicable. The necessary BMPs may vary throughout the watershed and particularly between
state and private roads but may include the following:
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e Utilize a snow blower to directionally place snow and traction sand on cut/fillslopes away from
sensitive environments.

® Increase the use of chemical deicers and decrease the use of road sand, as long as doing so does
not create a safety hazard or cause undue degradation to vegetation and water quality.

o |Improve maintenance records to better estimate the use of road sand and chemicals, as well as
to estimate the amount of sand recovered in sensitive areas.

e Continue to fund MDT research projects that will identify the best designs and procedures for
minimizing road sand impacts to adjacent bodies of water and incorporate those findings into
additional BMPs.

e Street sweeping and sand reclamation.

o |dentify areas where the buffer could be improved or structural control measures may be
needed.

e |mproved maintenance of existing BMPs.

Increase availability of traction sand BMP training to both permanent and seasonal MDT
employees as well as private contractors.

9.4.8 Beaver Populations and Sediment Yields

Historic heavy trapping of beavers has likely had an effect on sediment yields in the watershed. Before
the removal of beavers, many streams had a series of catchments that moderated flow, with smaller un-
incised multiple channels and frequent flooding. Now some stream segments have incised channels and
are no longer connected to the floodplain. This results in more bank erosion because high flows scour
streambanks to a greater extent instead of flowing onto the floodplain. Beaver ponds also capture and
store sediment and there can be large reductions in total suspended solids (TSS) concentrations below a
beaver impoundment in comparison to TSS concentrations above the beaver impoundment (Bason,
2004).

Management of headwaters areas should include consideration of beaver habitat. Long-term
management could include maintenance of beaver habitat in headwaters protection areas and even
allowing for increased beaver populations in areas currently lacking the beaver complexes that can trap
sediment, reduce peak flows, and increase summer low flows. Allowing for existing and even increased
beaver habitat is considered consistent with the sediment TMDL water quality goals.

9.4.9 Forestry and Timber Harvest

Timber harvest activities should be conducted by all landowners according to Forestry BMPs for
Montana (Montana State University, Extension Service, 2001) and the Montana Streamside
Management Zone (SMZ) Law (77-5-301 through 307 MCA). The Montana Forestry BMPs cover timber
harvesting and site preparation, road building including culvert design, harvest design, other harvesting
activities, slash treatment and site preparation, winter logging, and hazardous substances. While the
SMZ Law is intended to guide commercial timber harvesting activities in streamside areas (i.e., within 50
feet of a waterbody), the riparian protection principles behind the law should be applied to numerous
land management activities (i.e., timber harvest for personal use, agriculture, development). Prior to
harvesting on private land, landowners or operators are required to notify the Montana DNRC. DNRC is
responsible for assisting landowners with BMPs and monitoring their effectiveness. The Montana
Logging Association and DNRC offer regular Forestry BMP training sessions for private landowners. .

The SMZ Law protects against excessive erosion and therefore is appropriate for helping meet sediment
load allocations. USFS INFISH Riparian Habitat Conservation Area guidelines provide significant sediment
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protection as well as protection from elevated thermal loading (i.e., elevated temperature) by providing
adequate shade. This guidance improves upon Montana’s SMZ law and includes an undisturbed 300 foot
buffer on each side of fish bearing streams and 150 foot buffer on each side of non-fish bearing streams
with limited exclusions and BMP guidance for timber harvest, roads, grazing, recreation and other
human sources (U.S. Department of Agriculture, Forest Service, 1995).

In addition to the BMPs identified above, effects that timber harvest may have on yearly streamflow
levels, such as peak flow, should be considered. Water yield and peak flow increases should be modeled
in areas of continued timber harvest and potential effects should be evaluated. Furthermore, noxious
weed control should be actively pursued in all harvest areas and along all forest roads.

9.4.10 Storm Water Construction Permitting and BMPs

Construction activities disturb the soil, and if not managed properly, they can be substantial sources of
sediment. Construction activity disturbing one acre or greater is required to obtain permit coverage
through DEQ under the Storm Water General Permit for Construction Activities. A Storm Water Pollution
Prevention Plan (SWPPP) must be developed and submitted to obtain a permit. A SWPPP identifies
pollutants of concern, which is most commonly sediment, construction related sources of those
pollutants, any nearby waterbodies that could be affected by construction activities, and BMPs that will
be implemented to minimize erosion and discharge of pollutants to waterbodies. The SWPPP must be
implemented for the duration of the project, including final stabilization of disturbed areas, which is a
vegetative cover of at least 70% of the pre-disturbance level or an equivalent permanent stabilization
measure. Development and implementation of a thorough SWPPP should ensure WLAs within this
document are met.

Land disturbance activities that are smaller than an acre (and exempt from permitting requirements)
also have the potential to be substantial pollutant sources, and BMPs should be used to prevent and
control erosion consistent with the upland erosion allocations. Potential BMPs for all construction
activities include construction sequencing, permanent seeding with the aid of mulches or geotextiles,
check dams, retaining walls, drain inlet protection, rock outlet protection, drainage swales, sediment
basin/traps, earth dikes, erosion control structures, grassed waterways, infiltration basins, terraced
slopes, tree/shrub planting, and vegetative buffer strips. An EPA support document for the construction
permits has extensive information about construction related BMPs, including limitations, costs, and
effectiveness (EPA 2009a).

9.4.11 Urban Area Storm Water BMPs

Buildings and other impervious surfaces associated with land development prevent water from
infiltrating into the ground and can alter watershed hydrology and transport built-up pollutants into
nearby waterbodies. An important component to effectively managing storm water is comprehensive
planning that integrates land and infrastructure management. Smart growth and low impact
development are two closely related planning strategies that help reduce storm water volume, slow its
transport to surface waterbodies, and improve groundwater recharge. Smart growth emphasizes
structuring development to preserve open space, reduce the use of impervious surfaces, and improve
water detention so more precipitation can be retained on the landscape before runoff occurs. Low
impact development mimics natural processes of water storage and infiltration and can limit the
harmful effects that increased percentages of impervious surface have on surface waters. Both concepts
focus on applying simple, non-structural, and low cost methods to treat storm water on the landscape
and they can be used to retrofit existing development and also applied to new development.
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Starting in 2012, the MS4 general permit requires that to the extent practicable new development or
redevelopment projects greater than one acre implement low impact development practices that
“infiltrate, evapotranspire, or capture for reuse the runoff generated from the first 0.5 inches of rainfall
from a 24-hour storm preceded by 48 hours of no measurable precipitation.” Generally, newer
developments in the watershed have better BMP implementation than older developments, and
although planning for future development and retrofitting older developments with better levels of
treatment are important, consistent maintenance and effectiveness evaluation of new and recently
implemented storm water BMPs is also an important component of effective storm water management
and TMDL implementation. Examples low impact development and smart growth practices include drain
chains, rain barrels, vegetated swales, sidewalk storage, permeable pavers, native landscaping, reducing
parking areas, and mixed-use development. Parking lot drainage into a swale and a mixed use
development are shown in Figure 8-1. Additional information about smart growth and low impact
development can be found in Montana’s Nonpoint Source Management Plan (Montana Department of
Environmental Quality, 2012) and at the EPA’s website (www.epa.gov/nps/lid; www.epa.gov/dced).
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9.4.12 Nonpoint Source Pollution Education

Because most nonpoint source pollution (NPS) is generated by individuals, a key factor in reducing NPS
is increasing public awareness through education. The Greater Gallatin Watershed Council provides
educational opportunities to both students and adults through local water quality workshops and
informational meetings. Continued education is crucial to ongoing understanding of water quality issues
in the Lower Gallatin TPA, and to the support for implementation and restorative activities.

9.5 POTENTIAL FUNDING SOURCES

Funding and prioritization of restoration or water quality improvement project is integral to maintaining
restoration activity and monitoring successes and failures. Several government agencies fund watershed
or water quality improvement projects. Below is a brief summary of potential funding sources to assist
with TMDL implementation.
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9.5.1 Section 319 Nonpoint Source Grant Program

Section 319 grant funds are typically used to help identify, prioritize, and implement water quality
protection projects with focus on TMDL development and implementation of nonpoint source projects.
Individual contracts under the yearly grant typically range from $20,000 to $150,000, with a 25 percent
or more match requirement. 319 projects typically need to be administered through a non-profit or local
government such as a conservation district, a watershed planning group, or a county.

9.5.2 Future Fisheries Improvement Program

The Future Fisheries grant program is administered by FWP and offers funding for on-the-ground
projects that focus on habitat restoration to benefit wild and native fish. Anyone ranging from a
landowner or community-based group to a state or local agency is eligible to apply. Applications are
reviewed annually in December and June. Projects that may be applicable to the Lower Gallatin
watershed include restoring streambanks, improving fish passage, and restoring/protecting spawning
habitats.

9.5.3 Watershed Planning and Assistance Grants

The MT DNRC administers Watershed Planning and Assistance Grants to watershed groups that are
sponsored by a Conservation District. Funding is capped at $10,000 per project and the application cycle
is quarterly. The grant focuses on locally developed watershed planning activities; eligible activities
include developing a watershed plan, group coordination costs, data collection, and educational
activities.

9.5.4 Environmental Quality Incentives Program

The Environmental Quality Incentives Program (EQIP) is administered by NRCS and offers financial (i.e.,
incentive payments and cost-share grants) and technical assistance to farmers and ranchers to help plan
and implement conservation practices that improve soil, water, air and other natural resources on their
land. The program is based on the concept of balancing agricultural production and forest management
with environmental quality, and is also used to help producers meet environmental regulations. EQIP
offers contracts with a minimum length of one year after project implementation to a maximum of 10
years. Each county receives an annual EQIP allocation and applications are accepted continually during
the year; payments may not exceed $300,000 within a six-year period.

9.5.5 Other Funding Sources

Numerous other funding opportunities exist for addressing nonpoint source pollution. Additional
information regarding funding opportunities from state agencies is contained in Montana’s Nonpoint
Source Management Plan (Montana Department of Environmental Quality, 2012) and information
regarding additional funding opportunities can be found at http://www.epa.gov/nps/funding.html.
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10.0 MONITORING STRATEGY

The monitoring framework discussed in this section is an important component of watershed
restoration, a requirement of TMDL development under Montana’s TMDL law, and the foundation of
the adaptive management approach. While targets and allocations are calculated using the best
available data, the data are only an estimate of a complex ecological system. The margin of safety is put
in place to reflect some of this uncertainty, but other issues only become apparent when restoration
strategies are underway. Having a monitoring strategy in place allows for feedback on the effectiveness
of restoration activities (whether TMDL targets are being met), if all significant sources have been
identified, and whether attainment of TMDL targets is feasible. Data from long-term monitoring
programs also provide technical justifications to modify restoration strategies, targets, or allocations
where appropriate.

The monitoring framework presented in this section provides a starting point for the development of
more detailed and specific planning efforts regarding monitoring needs; it does not assign monitoring
responsibility. Monitoring recommendations provided are intended to assist local land managers,
stakeholder groups, and federal and state agencies in developing appropriate monitoring plans to meet
aforementioned goals. Funding for future monitoring is uncertain and can vary with economic and
political changes. Prioritizing monitoring activities depends on stakeholder priorities for restoration and
funding opportunities.

The objectives for future monitoring in the Lower Gallatin TPA include: 1) tracking and monitoring
restoration activities and evaluating the effectiveness of individual and cumulative restoration activities,
2) baseline and impairment status monitoring to assess attainment of water quality targets and identify
long-term trends in water quality and 3) refining the source assessments. Each of these objectives is
discussed below.

10.1 ADAPTIVE MANAGEMENT AND UNCERTAINTY

An adaptive management approach is used to manage resource commitments as well as achieve success
in meeting the water quality standards and supporting all beneficial uses. This approach works in
cooperation with the monitoring strategy and allows for adjustments to the restoration goals or
pollutant targets, TMDLs, and/or allocations, as necessary. These adjustments would take into account
new information as it arises.

The adaptive management approach is outlined below:

e TMDLs and Allocations: The analysis presented in this document assumes that the load
reductions proposed for each of the listed streams will enable the streams to meet target
conditions and that meeting target conditions will ensure full support of all beneficial uses.
Much of the monitoring proposed in this section of the document is intended to validate this
assumption. If it looks like greater reductions in loading or improved performance is necessary
to meet targets, then updated TMDL and/or allocations will be developed based on achievable
reductions via application of reasonable land, soil, and water conservations practices.

e Water Quality Status: As new stressors are added to the watershed and additional data are
collected, new water quality targets may need to be developed or existing targets/allocations
may need to be modified.
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10.2 TRACKING AND MONITORING RESTORATION ACTIVITIES AND EFFECTIVENESS

Monitoring should be conducted prior to and after project implementation to help evaluate the
effectiveness of specific practices or projects. This approach will help track the recovery of the system
and the effects, or lack of effects, from ongoing management activities in the watershed. At a minimum,
effectiveness monitoring should address the pollutants that are targeted for each project. Information
about specific locations, spatial extent, designs, contact information, and any effectiveness evaluation
should be compiled about each project. Information about all restoration projects along with tracking
overall extent of BMP implementation should be compiled into one location for the entire watershed.

For nutrients and metals, loading reductions and BMP effectiveness can be evaluated with water quality
samples and comparing them to the targets. For sediment, which has no numeric standard, loading
reductions and BMP effectiveness may be estimated using the approaches used within this document.
However, tracking BMP implementation and project-related measurements will likely be most practical
for sediment. For instance, for road improvements, it is not anticipated that post-project sediment loads
will be measured. Instead, documentation of the BMP, reduced contributing length, and before/after
photos documenting the presence and effectiveness of the BMP will be most appropriate. For
installation of riparian fencing, before/after photo documentation of riparian vegetation and
streambank and a measurement such as greenline that documents the percentage of bare ground and
shrub cover may be most appropriate. Evaluating instream parameters used for sediment targets will be
one of the tools used to gage the success of implementation when DEQ conducts a formal assessment
but may not be practical for most projects since the sediment effects within a stream represent
cumulative effects from many watershed scale activities and because there is typically a lag time
between project implementation and instream improvements (Meals et al., 2010).

If sufficient implementation progress is made within a watershed, DEQ will conduct a TMDL
Implementation Evaluation (TIE). During this process, recent data are compiled, monitoring is conducted
(if necessary), data are compared to water quality targets (typically a subset for sediment), BMP
implementation since TMDL development is summarized, and data are evaluated to determine if the
TMDL is being achieved or if conditions are trending one way or another. If conditions indicate the TMDL
is being achieved, the waterbody will be recommended for reassessment and may be delisted. If
conditions indicate the TMDL is not being achieved, according to Montana State Law (75-5-703(9)), the
evaluation must determine if:
e The implementation of a new or improved phase of voluntary reasonable land, soil, and water
conservation practices is necessary,
e Water quality is improving, but more time is needed for compliance with water quality
standards, or
e Revisions to the TMDL are necessary to achieve applicable water quality standards and full
support of beneficial uses.

10.3 BASELINE AND IMPAIRMENT STATUS MONITORING

In addition to effectiveness monitoring, watershed scale monitoring should be conducted to expand
knowledge of existing conditions and to provide data that can be used during the TIE. Although DEQ is
the lead agency for conducting impairment status monitoring, other agencies or entities may collect and
provide compatible data. Wherever possible, it is recommended that the type of data and
methodologies used to collect and analyze the information be consistent with DEQ methodology so as
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to allow for comparison to TMDL targets and track progress toward meeting TMDL goals. The
information in this section provides general guidance for future impairment status monitoring.

10.3.1 Sediment

Each of the sediment streams of interest was stratified into unique reaches based on physical
characteristics and anthropogenic influence. The assessed sites represent only a percentage of the total
number of stratified reaches. Sampling additional monitoring locations could provide additional data to
assess existing conditions, and provide more specific information on a per stream basis as well as the
TPA as a whole.

Itis acknowledged that various agencies and entities have differing objectives, as well as time and
resources available to achieve those objectives. However, when possible, it is recommended that at a
minimum the following parameters be collected to allow for comparison to TMDL targets:

* Riffle pebble count (using Wolman Pebble Count methodology and/or 49-point grid tosses)

e Residual pool depth measurements

Additional information will undoubtedly be useful and assist impairment status evaluations in the future
and may include total suspended solids; identifying percentage of eroding banks, human sediment
sources, and areas with a high background sediment load; macroinvertebrate studies; McNeil core
sediment samples; and fish population surveys and redd counts.

An important part of impairment determination and adaptive management is determining when a
stream has fully recovered from past management practices where recovery is still occurring from
historical improvements in management but recent BMPs were not applied. Particularly within the
Gallatin Forest, ongoing PIBO monitoring can provide critical insight into the extent of recovery from
past practices via comparisons between reference and managed sites.

10.3.2 Nutrients

Water quality sampling for nutrients were distributed spatially along an assessment unit in order to best
delineate nutrient sources. Over multiple sample seasons, sampling locations were refined to better
quantify loading sources to the impaired waterbodies. Source refinement and nutrient loading dynamics
will continue to be necessary on streams with TMDLs and those that have not yet been assessed in the
Lower Gallatin project area.

For those watershed groups and/or government agencies that monitor water quality, it is recommended
that the same analytical procedures and reporting limits are used in order that water quality data may
be compared to TMDL targets (Table 10-1). In addition, stream discharge should be measured at time of
sampling.

Table 10-1 DEQ Monitoring Parameter Requirements

Preferred Alternate Requlr.ed Ho}dlng

Analyte reporting time Bottle Preservative
method method i
limit (ppb) {days)
. <6°C (7d HT);
Total Persulfate Nitrogen | ) co0 ne | Agsoon B 40 Freeze (284
(TPN) 28 250mL HT)
Total Phosphorus as P EPA-365.1 A4500-P F 3 HDPE H2504, <6°C of
Nitrate-Nitrite as N EPA-353.2 A4500-NO3 F 10 Freeze
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It will be important to continually assess nutrient sources in a watershed with changing land uses and/or
new MPDES permitted discharges to surface waters.

10.3.3 E. coli

Water quality sampling for E. coli were distributed spatially along an assessment unit in order to best
delineate pathogen sources. Over multiple sample seasons, sampling locations were refined to better
quantify loading sources to the impaired waterbodies. Source refinement and pathogen loading
dynamics will continue to be necessary on streams with TMDLs and those that have not yet been
assessed in the Lower Gallatin project area. As E. coli loading from agricultural sources is often greatest
during high flow events with overland runoff to surface waters, sampling during these events may better
identify source areas. In addition, targeted sampling of surface waters in proximity to large septic drain
fields may better quantify the loading from these sources.

For those watershed groups and/or government agencies that monitor water quality, it is recommended
that the same analytical procedures and reporting limits are used in order that £. coli data be compared
to TMDL targets (Montana Department of Environmental Quality, Water Quality Planning Bureau, 2006).
In addition, stream discharge should be measured at time of sampling. It is important to note that E. coli
sampling can be complicated by the 6-hour holding time restriction (Section 2.1.4 in Montana
Department of Environmental Quality, Water Quality Planning Bureau, 2006).

10.4 SOURCE ASSESSMENT REFINEMENT

In many cases, the level of detail provided by the source assessments only provides broad source
categories or areas that need to reduce pollutant loads and additional source inventory and load
estimate work may be desirable. Strategies for strengthening source assessments for each of the
pollutants may include more thorough sampling or field surveys of source categories and are described
by pollutant in this section. Recommendations for source assessment refinement are described below
by pollutant.

10.4.1 Sediment
sediment-related information that could help strengthen the source assessments is as follows:

e arefined bank erosion retreat rate for Lower Gallatin watershed streams,

e a better understanding of bank erosion impacts from historical land management activities,

o improved modeling for upland erosion delivery in forested watersheds where riparian zones
have recovered from SMZ law implementation,
improved classification of riparian health,
evaluation of seasonal loading aspects for the major sources and potential implications
regarding TMDL target parameters,

e evaluation of the influence of the irrigation network, particularly where open mixing occurs
between streams and an irrigation canal (e.g., Dry Creek Irrigation Canal and Ross/Reese/Smith
creeks),

e improved monitoring of storm water loading,

e areview of land management practices specific to sub-watersheds of concern to determine
where the greatest potential for improvement can occur for the major land use categories, and

e additional field surveys of culverts, roads, and road crossings to help prioritize the road
segments/crossings of most concern.
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10.4.2 Nutrients

Nutrient-related information that could help strengthen the source assessment is as follows:

a better understanding of septic contributions to nutrient loads

a better understanding of nutrient concentrations in groundwater and spatial variability

a better understanding of the irrigation network and its effect on hydrology and nutrient

concentrations

o for Buster Gulch which transports flows from the East Gallatin River to Hyalite Creek

o for the Dry Creek Irrigation Canal and its interaction with Ross, Reese, and Smith Creeks
which requires clarification to better quantify loads and source areas

o for Farmer’s Canal and its influence on Mandeville Creek water quality

a more detailed understanding of fertilization practices within the watershed

a review of land management practices specific to sub-watersheds of concern to determine

where the greatest potential for improvement can occur for the major land use categories,

additional sampling in streams with less data such as Bear, Dry, Jackson, Reese, Smith and Ross

Creeks in order to complete a full assessment per DEQ assessment methodology

10.4.3 E. coli

E. coli information that could help strengthen the source assessment is as follows:

a better understanding of septic contributions,

a better understanding of natural background E. coli concentrations in surface water and spatial
variability

a better understanding of the irrigation network and its effect on hydrology and nutrient
concentrations for the Dry Creek Irrigation Canal and its interaction with Ross, Reese, and Smith
Creeks which requires clarification to better quantify loads and source areas

a more detailed understanding of manure management practices within the watershed

a review of land management practices specific to sub-watersheds of concern to determine
where the greatest potential for improvement can occur for the major land use categories
additional sampling in streams that lack recent E. coli data including Rees, Ross, Smith, and Dry
Creeks and the East Gallatin River; the latter to determine the potential contributing load to
Smith Creek via the Dry Creek Irrigation Canal
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11.0 STAKEHOLDER AND PUBLIC PARTICIPATION

This section will be completed after the public comment period closes.
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